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ac) kJ^N^s^ (Id) yT^-O-^ 



(le) 



(57) Abstract 



Compounds having formula (I) or a phamiaceutically acceptable salt thereof wherein Ri is (a) hydrogen, (b) loweralkyl, 
(c) alkenyl, (d) alkoxy, (e) thioalkoxy, (f) halo, (g) haloalkyl, (h) aiyl-Li-, and (i) heterocyclic-Li-; R2 is selected from (a) 
(la), (b) -C(0)NH-CH(Ri4)-C(0)ORi5, (c) (lb), (d) -C(0)NH-CH(Ri4)~C(0)NHS02Ri6, (e) -C(0)NH-CH(Ri4)-tetrazolyl, (f) 
-C(0)NH-heterocyclic, and (g) -C(0)NH-CH(Ri4)-C(0)NRnRl8; R3 is substituted or unsubstituted heterocyclic or aryl, substituted 
or unsubstituted cycloalkyl or cycloalkenyl, (Ic), and -P(W)R^^R^^'; R4 is hydrogen, lower alkyl, haloalkyl, halogen, aryl, arylakyl, 
heterocyclic, or (heterocyclic)alkyl; Li is absent or is selected from (a) -L4-N(R5)-L5~, (b) ~L4-0-L5-, (c) ~L4-S(0)n-L5-, (d) 
-L4~L6-C(W)-N(R5)-L5-, (e) -L4-L6-S(0)m-N(R5)-L5-, (f) -L4-N(R5)-C(W)-L7-L5-, (g) -L4-N(R5)-S(0)p -L7-L5-, (h) optionally 
substituted alkylene, (i) optionally substituted alkenylene, (j) optionally substituted alkynylene, (k) a covalent bond, (1) (Id), and (m) (le) 
are inhibitors of protein isoprenyl transferases. Also disclosed are protein isoprenyl transferase inhibiting compositions and a method of 
inhibiting protein isoprenyl transferases. 
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INHIBITORS OF PROTEIN ISOPRENYL TRANSFERASES 



Technical Field 

1 0 The present invention relates to novel compounds which are useful in inhibiting 

protein isoprenyl transferases (for example, protein famesyltransferase and protein 
geranylgeranyltransferase) and the famesylation or geranylgeranylation of the oncogene 
protein Ras and other related small g-proteins, compositions containing such compounds 
and methods of using such compounds. 

15 

Background of the Invention 
Ras oncogenes are the most frequently identified activated oncogenes in human 
tumors. Transformed protein Ras is involved in the proliferation of cancer cells. The Ras 
must be famesylated before this proliferation can occur. Famesylation of Ras by famesyl 
20 pyrophosphate (FPP) is effected by protein famesyltransferase. Inhibition of protein 
famesyltransferase, and thereby famesylation of the Ras protein, blocks the ability of 
transformed cells to proliferate. Inhibition of protein geranylgeranyltransferase and, 
thereby, of geranylgeranylation of Ras proteins, also results in down regulation of Ras 
protein function. 

25 Activation of Ras and other related small g-proteins that are famesylated and/or 

geranylated also partially mediates smooth muscle cell proliferation (Circulation, 1-3: 88 
(1993), which is hereby incorporated herein by reference). Inhibition of protein isoprenyl 
transferases, and thereby famesylation or geranylgeranylation of the Ras protein, also aids 
in the prevention of intimal hyperplasia associated with restenosis and atherosclerosis, a 

30 condition which compromises the success of angioplasty and surgical bypass for obstructive 
vascular lesions. 

There is therefore a need for compounds which are inhibitors of protein 
famesyltransferase and protein geranylgeranyltransferase. 

35 Summary of the Invention 

In its principle embodiment, the invention provides a compound having the formula: 



- 1 - 
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I 

or a pharmaceutically acceptable salt thereof, wherein 
Rj is selected from the group consisting of 

(1) hydrogen, 

(2) alkenyl, 

(3) alkynyl, 

(4) alkoxy, 

(5) haloalkyl, 

(6) halogen, 

(7) loweralkyl, 

(8) thioalkoxy, 

(9) aryl-L2- wherein aryl is selected from the group consisting of 

(a) phenyl, 

(b) naphthyl, 

(c) dihydronaphthyl, 

(d) tetrahydronaphthyl, 

(e) indanyl, and 

(f) indenyl 

wherein (a)-(f) are unsubstituted or substituted with at least one of X, Y, 
or Z wherein X, Y, and Z are independently selected from the 
group consisting of 
alkenyl, 
alkynyl, 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen, 
haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
nitro. 
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N-protected amino, and 

-NRR' wherein R and and R' are independently selected 

from the group consisting of 

hydrogen and 

75 loweralkyl, 

oxo (=0), and 

thioalkoxy and 
L2 is absent or is selected from the group consisting of 

-CH2-, 

80 -CH2CH2-, 

-CH(CH3)-, 

-0-, 
-C(0)-, 

-S(0)q wherein q is 0, 1 or 2, and 

85 -N(R)-, and 

(10) heterocycle-L2- wherein L2 is as defined above and the heterocycle is 

unsubstituted or substituted with 1, 2, 3 or 4 substituents 
independently selected from the group consisting of 





(a) 


loweralkyl, 


90 


(b) 


hydroxy. 




(c) 


hydroxyalkyi. 




(d) 


halogen 




(e) 


cyano, 




(f) 


nitro, 


95 


(g) 


0x0 (=0), 




(h) 


-NRR', 




(i) 


N-protected amino. 




(j) 


alkoxy. 




(k) 


thioalkoxy. 


100 


(1) 


haloalkyl. 




(m) 


carboxy, and 




(n) 


aryl; 



R2 is selected from the group consisting of 



-3- 
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12b 

105 ( 1 ) wherein Luis selected from the group 

consisting of 

(a) a covalent bond, 

(b) -C(W)N(R)- wherein R is defined previously and W is 

selected from the group consisting of O and S, 

110 (c) -C(0)-, 

(d) -N(R)C(W)., 

(e) -CH2O-, 

(f) -C(0)0-, and 

(g) -CH2N(R)-, 

115 ^12a selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, and 

(c) -C(0)0Rj3 wherein R13 is selected from the group 

consisting of 

120 hydrogen and 

a carboxy-protecting group, and 
Rl2b selected from the group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

125 with the proviso that R|2a R|2b both hydrogen. 



(2) -Li i-C(Rj4)(Rv)-C(0)ORj5 wherein Li 1 is defined previously, 

Rv is selected from the group consisting of 
(a) hydrogen and 
130 (b) loweralkyl, 

Rj^ is selected from the group consisting of 

(a) hydrogen, 

(b) alkanoyloxyalkyl, 

(c) loweralkyl, and 

135 (b) a carboxy-protecting group, and 

R|4 is selected from the group consisting of 

(a) alkoxyalkyl, 

(b) alkoxyarylalkyl. 



-4- 
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(c) alkoxycarbonylalkyl, 

(d) alkylsuifinyalkyl, 

(e) alkylsulfonylalkyl, 

(f) ' alkynyl, 

(g) aminoalkyl, 

(h) aminocarbonylalkyl, 

(i) aminothiocarbonylalkyl, 

G) aryl. 

(k) arylalkyl, 

(1) carboxyalkyl, 

(m) cyanoalkyl, 

(n) cycloalkyl, 

(o) cycloalkylalkoxyalkyl, 

(p) cycloalkylalkyl, 

(q) (heterocyclic)alkyl, 

(r) hydroxyalkyi, 

(s) hydroxyarylalkyl, 

(t) lowereilkyl, 

(u) sulfhydrylalkyl, 

(v) thioalkoxyalkyl wherein the thioalkoxyalkyl is 



unsubstituted or substituted with 1, 2, 3, or 4 
substituents selected from the group consisting of 
halogen, 



(4) -C(0)NH-CH(Ri4)-C(0)NHS02Ri6 wherein R14 is defined previously 



and R16 is selected from the group consisting of 

(a) loweralkyl, 

(b) haloalkyl, 

(c) aryl wherein the aryl is unsubstituted or substituted with 



(w) 

(X) 



thioalkoxyalkylamino, and 
thiocycloalkyloxyalkyl. 



O 



(3) 




1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
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loweralkyl, 

175 hydroxy, 

hydroxyalkyl, 
halogen, 
cyano, 
nitro, 

180 oxo (=0), 

-NRR' 

N-protected amino, 

alkoxy, 

thioalkoxy, 

185 haloalkyl, 

carboxy, and 
aryl, and 

(d) heterocycle wherein the heterocycle is unsubstituted or 

substituted with substituents independently 
190 selected from the group consisting of 

loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 

195 cyano, 

nitro, 
oxo (=0), 
-NRR', 

N-protected amino, 
200 alkoxy, 

thioalkoxy, 
haloalkyl, 
carboxy, and 
aiyl; 

205 

(5) -C(0)NH-CH(Ri4)-tetrazolyl wherein the tetrazole ring is unsubstituted 

or substituted with loweralkyl or haloalkyl, 

(6) -L 11 -heterocycle, 

210 



-6- 
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(7) -C(0)NH-CH(R|4)-C(0)NRi7Ri8 wherein R14 is defined previously 

and Ri7 and Rig are independently selected from the group 
consisting of 
(a) hydrogen, 
215 (b) loweralkyl, 

(c) arylalkyl, 

(d) hydroxy, and 

(e) dialkylaminoalkyl, 

220 (8) -C(0)0Ri5,and 

(9) -C(0)NH-CH(Ri4)-heterocycle wherein R14 is as previously defined 

and the heterocycle is unsubstituted or substituted with 
loweralkyl or haloalkyl; 

225 

is absent or is selected from the group consisting of 
(1) -L4~N(R5)-L5- wherein L4 is absent or selected from the group 

consisting of 

(a) C J -to-C jQ-alkylene and 
230 (b) C2-to-Ci5-alkenylene, 

wherein the alkylene and alkenylene groups are unsubstituted or 
substituted with 1 , 2, 3 or 4 substitutents independently 
selected from the group consisting of 
alkenyl, 

235 alkenyloxy, 

alkenyloxyalkyl, 

alkenyl[S(0)q]alkyl, 

alkoxy, 

alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 
240 substituted with 1 or 2 hydroxyl substituents, 

with the proviso that no two hydroxy Is are attached to the 

same carbon, 
alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1, 2, or 3 
245 substituents independently selected from the 

group consisting of 
halogen and 



-7- 
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cycloalkyl, 
alkylsilyioxy, 

250 alkyl[S(0)q], 

alkyl[S(0)q]alkyl, 

aryl wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
255 alkoxy wherein the alkoxy is unsubstituted or 

substituted with substituents selected 
from the group consisting of cycloalkyl, 

aryl, 

arylalkyl, 

260 aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of, 
halogen, 

265 nitro, and 

-NRR', 
cycloalkyl, 
halogen, 
loweralkyl, 

270 hydroxyl, 

nitro, 

-NRR', and 
-S02NRR', 

arylalkoxy wherein the arylalkoxy is unsubstituted or 
275 substituted with substituents selected from the 

group consisting of alkoxy, 
arylalkyl, 

arylalkyl[S(0)q]alkyl, 
aryl[S(0)q], 

280 aryl[S(0)q]alkyl wherein the aryl [S(0)q] alky 1 is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
alkoxy and 
loweralkyl. 



-8- 
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285 arylalkoxyalkyi wherein the arylalkoxyalkyl is 

unsubstituted or substituted with substituents 
selected from the group consisting of 
alkoxy, and 
halogen, 

290 aryloxy, 

aryloxyalkyl wherein the aryloxyalkyl is unsubstituted or 
substituted with substituents selected from the 
group consisting of halogen, 

carboxyl, 

295 -C(0)NRcRd wherein Rc and Rd are independently 

selected from the group consisting of 
hydrogen, 
loweralkyl, and 
alkoxycarbonyl or 

300 Rq and Rd together with the nitrogen to which 

they are attached form a ring selected 
from the group consisting of 
morpholine, 
piperidine, 

305 pyrrolidine 

thiomorpholine , 
thiomorpholine sulfone, and 
thiomorpholine sulfoxide, 
wherein the ring formed by Rc and Rd 
3 1 0 together is unsubstituted or 

substituted with 1 or 2 
substituents independently 
selected from the group consisting 
of alkoxy and alkoxyalkyl, 
3 1 5 cycloalkeny 1 wherein the cycloalkeny 1 is unsubstituted or 

substituted with 1 or 2 substituents selected from 
the group consisting of alkenyl, 
cyclolalkoxy, 
cycloalkoxycarbonyl, 
320 cyclolalkoxyalkyl, 

cyclolalkyl wherein the cycloalkyl is unsubstituted or 
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substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting 
of aryl, 

loweralkyl, and 

alkanoyl, 
cycloalkylalkoxy, 
cycloalkylalkoxycarbonyl, 
cycloalkylalkoxyalkyl, 
cycloalkylalkyl, 
cycloialkyl[S(0)q]alkyl, 
cycloalkylalkyl[S(0)q]alkyl, 
fluorenyl, 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with 1, 2, 3, or 4 substituents 
independently selected from the group 
consisting of 

alkoxy wherein the alkoxy is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group 
consisting of aryl and cycloalkyl, 

alkoxyalkyl wherein the alkoxyalkyl is 

unsubstituted or substituted with 1 or 2 
substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 
unsubstituted or substituted with 1 or 2 
substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyl, 

aryl wherein the aryl is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of 
alkanoyl, 
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alkoxy, 

carboxaldehy de , 

haloalkyl, 

halogen, 

loweralkyl, 

nitro, 

-NRR', and 

thioalkoxy, 
arylalkyl, 
aryloxy, 

cycloalkoxyalkyl, 

cycioalkyl, 

cycloalkylalkyl, 

halogen, 

heterocycle, 

hydroxyl, 

loweralkyl wherein the loweralkyl is 

unsubstituted or substituted with 1 , 2, or 
3 substituents independently selected 
from the group consisting of 
heterocycle, 
hydroxyl, 

with the proviso that no two hydroxyls 
are attached to the same carbon, 
and 

-NR^^^^' wherein R^^ and R^^ are 

independently selected from the 
group consisting of 
hydrogen 
aryl, 

loweralkyl, 
aryl, 

aryialkyl, 
heterocycle, 
(heterocyclic)alkyl, 
cycioalkyl, and 
cycloalkylalkyl, and 
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sulfhydryl, 
(heterocyclic )alkoxy , 
(heterocyclic)alkyl, 
(heterocyclic)aikyl[S(0)q]alkyl, 
400 (heterocyclic)oxy, 

(heterocyclic)alkoxyalkyl, 
(heterocyclic )oxy alky 1 , 
heterocy cle [ S (0)q ] alky 1, 
hydroxyl, 

405 hydroxyalkyl, 

imino, 

N-protected amino, 
=N-0-aryl, and 
=N-OH, 

410 =N-0-heterocycie wherein the heterocycle is 

unsubstituted or substituted with 1, 2, 3, or 4 
substituents independently selected from the 
group consisting of 
loweralkyl, 

415 hydroxy, 

hydroxyalkyl, 
halogen, 
cyano, 
nitro, 

420 oxo (=0), 

-NRR' 

N-protected amino, 

alkoxy, 

thioalkoxy, 

425 haloalkyl, 

carboxy, and 
aryl, 

=N-0-loweralky 1 , 

430 -NHNRcRd, 

-OG wherein G is a hydroxyl protecting group, 

-O-NH-R, 
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— 0-N=< 

J wherein J and J' are independently selected 
from the group consisting of 
loweredkyl and 
arylalkyl, 

oxo, 

oxyamino(alkyl)carbonylalkyl, 
oxyaniino(arylalkyl)carbonylalkyl, 
oxyaminocarbonyialkyl, 
-SO2-A wherein A is selected from the group 
consisting of 

loweralkyU 
aryl, and 
heterocycle 

wherein the loweralkyl, aryl, and heterocycle are 
unsubstituted or substituted with 1, 2, 3, 
4, or 5 substituents independently 
selected from the group consisting of 
alkoxy, 
halogen, 
haioalkyl, 
loweralkyl, and 
nitro, 

sulfhydryl, 
thioxo, and 
thioalkoxy, 

is absent or selected from the group consisting of 

(a) Ci-to-CjQ-alkylene and 

(b) C2-to-Cj^-alkenylene 

wherein (a) and (b) are unsubstituted or substituted as 

defined previously, and 
is selected from the group consisting of 

hydrogen, 

alkanoyl wherein the alkanoyl is unsubstituted or 

substituted with substituents selected from the 
group consisting of aryl. 



- 13- 
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aikoxy, 
alkoxyalkyl, 

470 aikoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1 , 2 or 3 

substituents independently selected from the 

-» 

group consisting of 
aryl and 

475 halogen, 

alkylaminocarbonylalkyl wherein the 

alkylaminocarbonylalkyi is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group consisting 
480 of aryl, 

(anthracenyl)alkyl, 
aryl, 

arylalkoxy, 

arylalkyl wherein the arylalkyl is unsubstituted or 
485 substituted with 1, 2, 3, 4, or 5 substituents 

independently selected from the group 
consisting of 
aikoxy, 
aryl, 

490 carboxyl, 

cyano, 
halogen, 
haloalkoxy, 
haloalkyl, 

495 nitro, 

oxo, and 

-Lii-C(Ri4)(Rv)-C(0)ORi5, 

(aryl)oyl wherein the (aryl)oyl is unsubstituted or 

substituted with substituents selected from the 
500 group consisting of halogen, 

aryloxycarbonyl, 
carboxaldehyde, 
.C(0)NRR', 
cycloalkoxycarbonyl. 



- 14- 
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505 cycloalkylaminocarbonyl, 

cycloalkylaminothiocarbonyl, 

cyanoalkyl, 
cyclolalkyl, 

cycloalkylalkyl wherein the cycloalkylalkyl is 
510 unsubstituted or substituted with 1 or 2 hydroxy! 

substituents, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
(cyclolalkyl)oyl, 

5 1 5 (9 JO-dihydroanthracenyl)alkyl wherein the 

(9,10-dihydroanthracenyl)alkyl is unsubstituted 
or substituted with 1 or 2 oxo substituents, 

haloalkyl, 
heterocycle, 

520 (heterocyclic)alkyl wherein the (heterocycUc)alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents selected from the group consisting of 
loweralkyl, 
(heterocychc)oyl, 

525 loweralkyl, wherein the loweralkyl is unsubstituted 

or substituted with substituents selected from the 
group consisting of -NRR', 

-SO2-A, and 

thioalkoxyalkyl; 

530 

(3) -L4-S(0)^-L5- wherein L4 and L5 are defined previously and m is 0, 1, 

or 2, 

535 (4) -L4-L5-C(W)-N(R5)-L5- wherein L4, W, and L5 are defined previously, 

R6 is selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, 

(c) aryl, 

540 (d) arylalkyl, 

(e) heterocycle. 
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(f) (heterocyclic)alkyl, 

(g) cyclolakyl, and 

(h) cycloalkylalkyl, and 

545 is absent or is selected from the group consisting of 

(a) -0-, 

(b) -S-, and 

(c) -N(R^.)- wherein R^. is selected from the group 

consisting of 
550 hydrogen, 

loweralkyl, 
aryl, 

arylalkyl, 
heterocycle, 

555 (heterocyclic)alkyl, 

cyclolakyl, and 
cycloalkylalkyl, 

(5) -L4-L6-S(0)^-N(R5)-L5-, 

560 

(6) -L4-L6-N(R5)-S(0)^-L5-, 



(7) -L4-N(R5)-C(W)-L7-L5- wherein L4, R5, W, and and L5 are 

defined previously and hj is absent or is selected from the group 

565 consisting of -O- and -S-, 



(8) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 



570 


(a) 


aryl. 




(b) 


arylalkyl, 




(c) 


heterocycle. 




(d) 


(heterocyclic)alkyl. 




(e) 


cyclolakyl, 


575 


(f) 


cycloalkylalkyl. 




(g) 


alkylthioalkyl, and 




(h) 


hydroxy. 
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(9) C2-to-C|Q-alkenylene wherein the aikenylene group is unsubstituted or 
580 substituted with 1 or 2 substituents independently selected from 

the group consisting of 

(a) aryl, 

(b) arylalkyl, 

(c) (aryl)oxyalkyl wherein the (aryl)oxyalkyl is 

585 unsubstituted or substituted with 1, 2, 3, 4, or 5 

substituents selected from the group consisting 
of halogen, 

(d) heterocycle, 

(e) (hererocycle)alkyl, 
590 (f) hydroxyalkyl, 

(g) cyclolakyl, 

(h) cycloalkylalkyl, 

(i) alkylthioalkyl, and 
(j) hydroxy. 



595 



(10) C2-to-CjQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 





(a) 


aryl. 


600 


(b) 


arylalkyl. 




(c) 


heterocycle, 




(d) 


(heterocyclic)alkyl. 




(e) 


cyclolakyl, 




(f) 


cycloalkylalkyl. 


605 


(g) 


alkylthioalkyl, and 




(h) 


hydroxy. 



(11) -L4-heterocycle-L5-, 



610 (12) a covalent bond. 



J B 

(13) ^-^''^N^ ^"^^ wherein B is selected from the group consisting of 

loweralkyl and 
arylalkyl, and 
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615 

■N-O— ^ 



(14) 

Z is selected from the group consisting of 

( 1 ) a covaient bond, 
620 (2) -0-, 

(3) -S(0)q-, and 

(4) -NRz- wherein Rz is selected from the group consisting of 

(a) hydrogen 

(b) loweralkyl, 
625 (c) aryl, 

(d) arylalkyl, 

(e) heterocycle, 

(f) (heterocyclic)aikyl, 

(g) cyclolakyU and 
630 (h) cycloalkylalkyl; 

R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

635 (3) fluorenyl, 
(4) heterocycle, 

wherein (2)-(4) are unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents independently selected from the group consisting of 
(a) alkanoyl, 

640 (b) alkoxy wherein the alkoxy is unsubstituted or substituted with 1 , 

2, 3, 4, or 5 substituents independently selected from the 
group consisting of 
halogen, 
aryl, and 

645 cycloalkyl, 

(c) alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 

substituted with 1 or 2, 3, 4 or 5 substituents 
independently selected from the group consisting of 
aryl and 
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650 cycloalkyl, 

(d) alkoxycarbonyl wherein the alkoxycarbonyl is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting of 
aryl, and 

655 cycloalkyl, 

(e) alkylsilyloxyalkyl, 

(f) arylalkyl, 

(g) aryl wherein the aryl is unsubstituted or substituted with 1, 2, 3, 

4, or 5 substituents independently selected fronn the 
660 group consisting of 

alkanoyl, 

alkoxy wherein the alkoxy is unsubstituted or substituted 
with 1 or 2 substituents selected from the group 
consisting of cycloalkyl, 
665 carboxaldehyde, 

haloalkyl, 

halogen, 

loweralkyl, 

nitro, 

670 -NRR', and 

thioalkoxy, 

(h) arylalkyl, 

(i) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting of, 
halogen, 
nitro, and 
-NRR', 
0) (aryl)oyl, 
680 (k) carboxaldehyde, 

(1) carboxy, 
(m) carboxyalkyl, 

(n) -C(0)NRR" wherein R is defined previously and R" is 
selected from the group consisting of 
685 hydrogen, 

loweralkyl, and 



675 
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carboxyalkyl, 

(o) cyano, 
(p) cyanoalkyl, 
690 (q) cycloalkyl, 

(r) cycloalkylalkyl, 
(s) cycloalkoxyalkyl, 
(t) halogen, 

(u) haloalkyl wherein the haloalkyl is unsubstituted or substituted 
695 with 1, 2, 3, 4, or 5 hydroxyl substituents, 

with the proviso that no two hydroxyls are attached to the same 
carbon, 
(v) heterocycie, 
(w) hydroxyl, 

700 (x) hydroxyalkyl wherein the hydroxyalkyl is unsubstituted or 

substituted with substitutients selected from the group 

consisting of aryl, 
(y) loweralkyl wherein the loweralkyl is unsubstituted or substituted 

with substituents selected from the group consisting of 
705 heterocycie, 

hydroxyl, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
-NRR3rR3\ and 

710 -P(0)(OR)(OR'), 

(z) nitro, 
(aa) -NRR', 
(bb) oxo, 

(cc) -S02NRa*Rb' wherein Ra* and Rb* are independently selected 
7 1 5 from the group consisting of 

hydrogen, 
(aryl)oyl, 
loweralkyl, and 

heterocycie wherein the heterocycie is unsubstituted or 
720 substituted with 1 , 2, or 3 substituents 

independently selected from the group consisting 
of loweralkyl, 
(dd) sulfhydryl, and 
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(ee) thioalkoxy, 

725 

(5) cycloalkyl wherein the cycloalkyi is unsubstituted or substituted with 

1, 2, 3, 4 or 5 substituents selected from the group consisting of 

(a) alkoxy, 

(b) aryl, 

730 (c) arylalkoxy 

(d) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
selected from the group consisting of halogen, 

(e) loweralkyl, 

735 (f) halogen, 

(g) NRR3RR3', 

(h) oxo, and 



750 



(i) 



> 



740 (6) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted 

with 1, 2, 3 or 4 substituents independently selected from the 
group consisting of 

(a) loweralkyl, 

(b) alkoxy, 
745 (c) halogen, 

(d) aryl, 

(e) aryloxy, 

(f) aikanoyl, and 
(g) 



(7) ' ^ wherein Xi and X2 together are cycloalkyl wherein the 

cycloalkyl is unsubstituted or substituted with 1 or 2 substituents 
selected from the group consisting of aryl, and 

755 (8) -P(W)RR3rR3*; and 

R4 is selected from the group consisting of 
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(1) hydrogen, 

(2) loweralkyl, 
760 (3) haloalkyl 

(4) halogen, 

(5) aryl, 

(6) arylalkyl, 

(7) heterocycie, 

765 (8) (heterocyciic)alkyl 

(9) aikoxy, and 

(10) -NRR'; or 

Li, Z, and R3 together are selected from the group consisting of 

770 ( 1 ) aminoalkyl, 

( 1 ) haloalkyl, 

(2) halogen, 

(3) carboxaldehyde, and 

(4) (carboxaldehyde)alkyl, and 
775 (5) hydroxyalkyl, 

with the proviso that when Li, Z, and R3 together are (l)-(5), Ri is other than hydrogen. 

In a further aspect of the present invention are disclosed pharmaceutical 
compositions which comprise a compound of formula I in combination with a 
pharmaceutically acceptable carrier. 
780 In yet another aspect of the present invention are disclosed pharmaceutical 

compositions which comprise a compound of formula I in combination with another 
chemotherapeutic agent and a pharmaceutically acceptable carrier. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
protein isoprenyl transferases (i.e., protein famesyltransferase and/or 
785 geranylgeranyltransferase) in a human or lower manmial, comprising administering to the 
patient a therapeutically effective amount of a compound compound of formula I. 

In yet another aspect of the present invention is disclosed a method for inhibiting 
post-translational modification of the oncogenic Ras protein by protein famesyltransferase, 
protein geranylgeranyltransferase or both. 
790 In yet another aspect of the present invention is disclosed a method for treatment of 

conditions mediated by famesylated or geranylgeranylated proteins, for example, treatment 
of Ras associated tumors in humans and other mammals. 

In yet another aspect of the present invention is disclosed a method for inhibiting or 
treating cancer in a human or lower mammal comprising administering to the patient a 
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795 therapeutically effective amount of a compound of the invention alone or in combination 

with another chemotherapeutic agent 

In yet another aspect of the present invention is disclosed a method for treating or 
preventing intimal hyperplasia associated with restenosis and atherosclerosis in a mammal 
comprising administering to the mammal a therapeutically effective amount of a compound 
800 of clfdm 1 . 

The compounds of the invention can comprise asymmetrically substituted carbon 
atoms. As a result, all stereoisomers of the compounds of the invention are meant to be 
included in the invention, including racemic mixtures, mixtures of diastereomers, as well as 
single diastereomers of the compounds of the invention. The terms "S" and "R" 
805 configuration, as used herein, are as defined by the lUPAC 1974 Recommendations for 
Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30, which is 
hereby incorporated herein by reference. 

Detailed Description 

810 Definitions of Terms 

As used herein the terms "Cys," "Glu," "Leu," "Lys,""Met," "nor-Leu," 
"nor-Val," "Phe," "Ser" and "Val" refer to cysteine, glutamine, leucine, lysine, methionine, 
norleucine, norvaline, phenylalanine, serine and valine in their L-, D- or DL forms. As 
used herein these amino acids are in their naturally occuring L- form. 

815 As used herein, the term "carboxy protecting group" refers to a carboxylic acid 

protecting ester group employed to block or protect the carboxylic acid functionality while 
the reactions involving other functional sites of the compound are carried out, Carboxy 
protecting groups are disclosed in Greene, "Protective Groups in Organic Synthesis" pp. 
152-186 (1981), which is hereby incorporated herein by reference. In addition, a carboxy 

820 protecting group can be used as a prodrug whereby the carboxy protecting group can be 
readily cleaved in vivo (for example by enzymatic hydrolysis) to release the biologically 
active parent. T. Higuchi and V. Stella provide a thorough discussion of the prodrug 
concept in "Pro-drugs as Novel Dehvery Systems", Vol 14 of the A.C.S. Symposium 
Series, American Chemical Society (1975), which is hereby incorporated herein by 

825 reference. Such carboxy protecting groups are well known to those skilled in the art, 
having been extensively used in the protection of carboxyl groups in the penicillin and 
cephalosporin fields (as described in U.S. Pat. No. 3,840,556 and 3,719,667, the 
disclosures of which are hereby incorporated herein by reference). Examples of esters 
useful as prodrugs for compounds containing carboxyl groups can be found on pages 14-21 

830 of "Bioreversible Carriers in Drug Design: Theory and Application", edited by E.B. Roche, 
Pergamon Press, New York (1987), which is hereby incorporated herein by reference. 
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Representative carboxy protecting groups are Ci to Cg loweralkyl (e.g., methyl, ethyl or 
tertiary butyl and the like); arylalkyl, for example, phenethyl or benzyl and substituted 
derivatives thereof such as alkoxybenzyl or nitrobenzyl groups and the like; arylalkenyl, for 

835 example, phenylethenyl and the like; aryl and substituted derivatives thereof, for example, 
5-indanyl and the like; dialkylaminoalkyl (e.g., dimethylaminoethyl and the like); 
alkanoyloxyalkyl groups such as acetoxymethyl, butyryloxymethyl, valeryloxymethyl, 
isobutyryloxymethyl, isovaleryloxy methyl, l-(propionyloxy)-l -ethyl, 1 -(pivaloyloxyl)- 1 - 
ethyl, 1 -methyl- l-(propionyloxy)-l -ethyl, pivaloyloxymethyl, propionyloxymethyl and the 

840 like; cycloalkanoyloxyalkyl groups such as cyclopropylcarbonyloxymethyl, 
cyclobutylcarbonyloxy methyl , cyclopentylcarbonyloxy methyl, 
cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl, such as benzoyloxymethyl, 
benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl. such as benzylcarbonyioxymethyl, 
2-benzylcarbonyloxyethyl and the like; alkoxycarbonylalkyl or cycloalkyloxycarbonylalkyl, 

845 such as methoxycarbonylmethyl, cyclohexyloxycarbonylmethyl, 1 -methoxycarbonyl- 1 - 
ethyl, and the like; alkoxycarbonyloxyalkyl or cycloalkyloxycarbonyloxyalkyl, such as 
methoxycarbonyloxymethyl, t-butyloxycarbonyloxy methyl, 1 -ethoxycarbonyloxy- 1 -ethyl, 
1-cyclohexyioxycarbonyloxy- 1 -ethyl and the like; aryloxycarbonyloxyalkyl, such as 2- 

(phenoxycarbonyloxy)ethyl, 

850 2-(5-indanyloxycarbonyloxy)ethyl and the like; alkoxyalkylcarbonyloxyalkyl, such as 2-( 1 - 
methoxy-2-methylpropan-2-oyloxy)ethyl and like; aryialkyloxycarbonyloxyalkyl, such as 2- 
(benzyioxycarbonyloxy)ethyl and the like; arylalkenyloxycarbonyloxyalkyl, such as 2-(3- 
phenylpropen-2-yloxycarbonyloxy)cthyl and the like; alkoxycarbonylaminoalkyl, such as 
t-butyloxycarbonylaminomethyl and the like; alkylaminocarbonylaminoalkyl, such as 

855 methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyl, such as 
acetylaminomethyl and the like; heterocycliccarbonyloxyalkyl, such as 4- 
methylpiperazinylcarbonyloxymethyl and the like; dialkylaminocarbonylalkyl, such as 
dimethylaminocarbonylmethyl, diethylaminocarbonylmethyl and the like; (5-(loweralkyl)-2- 
oxo-l,3-dioxolen-4-yl)alkyl, such as (5-t-butyl-2-oxo-l,3-dioxolen-4-yl)methyl and the 

860 like; and (5-phenyl-2-oxo-l,3-dioxolen-4-yl)alkyl, such as (5-phenyl-2-oxo- 1 ,3-dioxolen- 

4-yl)methyl and the like. 

Preferred carboxy-protected compounds of the invention are compounds wherein the 
protected carboxy group is a loweralkyl, cycloalkyl or arylalkyl ester, for example, methyl 
ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, sec-butyl ester, isobutyl ester, 
865 amyl ester, isoamyl ester, octyl ester, cyclohexyl ester, phenylethyl ester and the like or an 
alkanoyloxyalkyl, cycloalkanoyloxyalkyl, aroyloxyalkyl or an arylalkylcarbonyloxyalkyl 

ester. 
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The term "N-protecting group" or "N-protected" as used herein refers to those 
groups intended to protect the N-temiinus of an aniino acid or peptide or to protect an amino 
870 group against undersirable reactions during synthetic procedures. Commonly used N- 

protecting groups are disclosed in Greene, "Protective Groups In Organic Synthesis," (John 
Wiley & Sons, New York (1981)), which is hereby incorporated herein by reference. N- 
protecting groups comprise acyl groups such as formyl, acetyl, propionyl, pivaloyl, t- 
butylacetyl, 2-chioroacetyi, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phthalyl, o- 
875 nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl. 4- 

nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl and 
the like; carbamate forming groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
p-methoxybenzyloxycarbonyl, p-niu-obenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p- 
bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 3,5- 
880 dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl, 

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3 ,4,5- 

trimethoxybenzyloxycarbonyl, 
l-(p-biphenylyl)-l-methylethoxycarbonyl, a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl, 
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl, 
885 isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2,- 
trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9- 
methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyl groups such as trimethylsilyl and 
890 the like. Preferred N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, 
phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). 

The term "alkanoyl" as used herein refers to R29C(0)- wherein R29 is a loweralkyl 
group. The alkanoyl groups of this invention can be optionally substituted. 

The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl radical to which 
895 is appended R71-NH- wherein R71 is an alkanoyl group. The alkanoylaminoalkyl groups of 

this invention can be optionally substituted. 

The term "alkanoyloxy" as used herein refers to R29C(0)-0- wherein R29 is a 

loweralkyl group. The alkanoyloxy groups of this invention can be optionally substituted. 
The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
900 appended an alkanoyloxy group. The alkanoyloxyalkyl groups of this invention can be 

optionally substituted. 

The term "alkenyl" as used herein refers to a straight or branched chain hydrocarbon 
containing from 2 to 10 carbon atoms and also containing at least one caibon-carbon double 
bond. Examples of alkenyl include -CH=CH2, -CH2CH=CH2. -C(CH3)=CH2, 
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905 -CH2CH=CHCH3, and the like. The alkenyl groups of this invention can be optionally 
substituted. 

The term "alkenylene" as used herein refers to a divalent group derived from a 
straight or branched chain hydrocarbon containing from 2 to 20 carbon atoms and also 
containing at least one carbon-carbon double bond. Examples of alkenylene include 

910 -CH=CH-, -CH2CH=CH-, -C(CH3)=CH-, -CH2CH=CHCH2-, and the like. The 
alkenylene groups of this invention can be optionally substituted. 

The term "alkenyloxy" as used herein refers to an alkenyl group attached to the 
parent molecular group through an oxygen atom. The alkenyloxy groups of this invention 
can be optionally substituted. 

915 The term "alkenyloxyalkyl" as used herein refers to a loweralkyl group to which is 

attached an alkenyloxy group. The alkenyloxyalkyl groups of this invention can be 

optionally substituted. 

The term "alkoxy" as used herein refers to R30O- wherein R3Q is loweralkyl as 

defined above. Representative examples of alkoxy groups include methoxy, ethoxy, t- 
920 butoxy and the like. The alkoxy groups of this invention can be optionally substituted. 

The term "alkoxy alky 1" as used herein refers to a loweralkyl group to which is 
attached an alkoxy group. The alkoxyalkyl groups of this invention can be optionally 
substituted. 

The term "alkoxyalkoxy" as used herein refers to R31O-R32O- wherein R31 is 
925 loweralkyl as defined above and R32 is an alkylene radical. Representative examples of 

alkoxyalkoxy groups include methoxymethoxy, ethoxy methoxy, t-butoxymethoxy and the 
like. The alkoxyalkoxy groups of this invention can be optionally substituted. 

The term "alkoxyalkyl" as used herein refers to an alkoxy group as previously 
defined appended to an alkyl group as previously defined. Examples of alkoxyalkyl 
930 include, but are not hmited to, methoxy methyl, methoxyethyl, isopropoxymethyl and the 
like. The alkoxyalkyl groups of this invention can be optionally substituted. 

The term "alkoxyalkylcarbonyloxy alkyl" as used herein refers to a loweralkyl radical 
to which is appended R^^-CCO)-©- wherein R^^ is an alkoxyalkyl group. 

The term " alkoxy arylalkyl" as used herein refers to a an arylalkyl group to which is 
935 attached an alkoxy group. The alkoxyarylalkyl groups of this invention can be optionally 
substituted. 

The term " alkoxy carbonyl" as used herein refers to an alkoxy group as previously 
defined appended to the parent molecular moiety through a carbonyl group. Examples of 
alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and the 
940 like. The alkoxycarbonyl groups of this invention can be optionally substituted. The 
alkoxycarbonyl groups of this invention can be optionally substituted. 
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The term "alkoxycarbonylalkyr' as used herein refers to an alkoxylcarbonyl group as 
previously defined appended to a loweralkyl radical. Examples of alkoxycarbonylalkyl 
include methoxycarbonylmethyl, 2-ethoxycarbonylethyl and the like. The 
945 alkoxycarbonylalkyl groups of this invention can be optionally substituted. 

The term "alkoxycarbonylaminoalkyl" as used herein refers to a loweralkyl radical to 
which is appended R^^-NH- wherein R^g is an alkoxycarbonyl group. The 
alkoxycarbonylaminoalkyl groups of this invention can be optionally substituted. 

The term "alkoxycarbonyioxyalkyl" as used herein refers to a loweralkyl radical to 
950 which is appended R53-O- wherein R^2> ^ alkoxycarbonyl group. The 

alkoxycarbonyioxyalkyl groups of this invention can be optionally substituted. 

The term "alkylamino" as used herein refers to R35NH- wherein R35 is a loweralkyl 
group, for example, methylamino, ethylamino, butylamino, and the like. The alkylamino 
groups of this invention can be optionally substituted. 
955 The term "alkylaminoalkyl" as used herein refers a loweralkyl radical to which is 

appended an alkylamino group. The alkylaminoalkyl groups of this invention can be 

optionally substituted. 

The term "alkylaminocarbonylaminoalkyl" as used herein refers to a loweralkyl 
radical to which is appended R7q-C(0)-NH- wherein R^q is an alkylamino group. The 
960 alkylaminocarbonylaminoalkyl groups of this invention can be optionally substituted. 

The term "alkylene" as used herein refers to a divalent group derived from a straight 
or branched chain saturated hydrocarbon having from 1 to 10 carbon atoms by the removal 
of two hydrogen atoms, for example methylene, 1,2-ethylene, 1,1 -ethylene, 1,3-propylene, 
2,2-dimethylpropylene, and the like. The alkylene groups of this invention can be 

965 optionally substituted. 

The term "alkylsilyloxy" as used herein refers to a loweralkyl group to which is 
attached -OSiRw'Rx'RY* wherein Rws Rxs and Ry are selected from the group consisting 
of loweralkyl. 

The term "alkylsulfmyl" as used herein refers to R33S(0)- wherein R33 is a 
970 loweralkyl group. The alkylsulfinyl groups of this invention can be optionally substituted. 

The term "alkylsulfmylalkyl" as used herein refers to an alkyl group to which is 
attached a alkylsulfinyl group. The alkylsulfinylalkyl groups of this invention can be 

optionally substituted. 

The term "alkylsulfonyl" as used herein refers to R34S(0)2- wherein R34 is a 

975 loweralkyl group. The alkylsulfonyl groups of this invention can be optionally substituted. 

The term "alkylsulfonylalkyl" as used herein refers to a loweralkyl radical to which 
is appended an alkylsulfonyl group. The alkylsulfonylalkyl groups of this invention can be 
optionally substituted. 
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The term alkylthioalkyl as used herein refers to a lower alkyl group as defined herein 
980 attached to the parent molecular moiety through a sulfur atom and an alkylene group. The 
alkylthioalkyl groups of this invention can be optionally substituted. 

The term "alkynyl" as used herein refers to a straight or branched chain hydrocarbon 
containing from 2 to 10 carbon atoms and also containing at least one carbon-carbon triple 
bond. Examples of alkynyl include -C>CH, -CH2C=CH, -CH2C=CCH3, and the like. 
985 The alkynyl groups of this invention can be optionally substituted. 

The term "alkynylene" as used herein refers to a divalent group derived from a 
suraight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also 
containing at least one carbon-carbon triple bond. Examples of alkynylene include -OC-, 
-CHoC^-, -CH2CSCCH2-, and the like. The alkynylene groups of this invention can be 

990 optionally substituted. 

The term "amino" as used herein refers to -NH2. 

The term "aminocarbonyl" as used herein refers to an amino group attached to the 
parent molecular group through a carbonyl group. The aminocarbonyl groups of this 
invention can be optionally substituted. 
995 The term "aminocarbonylalkyl" as used herein refers to an alkyl group to which is 

attached an aminocarbonyl group. The aminocarbonylalkyl groups of this invention can be 

optionally substituted. 

The term "aminoalkyl" as used herein refers to a loweralkyl radical to which is 
appended an amino group. The aminoalkyl groups of this invention can be optionally 
1000 substituted. 

The term "aminothiocarbonyl" as used herein refers to an amino group attached to 
the parent molecular group through a thiocarbonylcarbonyl (C=S) group. The 
aminothiocarbonyl groups of this invention can be optionally substituted. 

The term "aroyloxyalkyl" as used herein refers to a loweralkyl radical to which is 
1005 appended an aroyloxy group (i.e., R6rC(0)0- wherein R^i is an aryl group). The 
aroyloxyalkyl groups of this invention can be optionally substituted. 

The term "aryl" as used herein refers to a mono- or bicycUc carbocycUc ring system 
having one or two aromatic rings including, but not limited to, phenyl, naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including bicyclic aryl 
1010 groups) can be unsubstituted or substituted with one. two or three substituents 

independentiy selected from loweralkyl. haloalkyl, alkoxy. thioalkoxy, amino, alkylamino, 
dialkylamino, hydroxy, halo, mercapto, sulfhydryl. nitro, cyano, carboxaldehyde, carboxy, 
alkoxycarbonyl, haloalkyl-C(0)-NH-, haloalkenyl-C(0)-NH- and carboxamide. In 
addition, substituted aryl groups include tetrafluorophenyl and pentafluorophenyl. 
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The term "arylalkenyl" as used herein refers to an alkenyl radical to which is 
appended an aryi group. The arylalkenyl groups of this invention can be optionally 
substituted. 

The term "arylalkenyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended Rgg-O-CCO-O- wherein R^g is an arylalkenyl group. The 
arylalkenyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "arylalkoxy" as used herein refers to an alkoxy group to which is attached 
an aryl group. The arylalkoxy groups of this invention can be optionally substituted. 

The term "arylalkyl" as used herein refers to a loweralkyl radical to which is 
appended an aryl group. Representative arylalkyl groups include benzyl, phenylethyl, 
hydroxybenzyl, fluorobenzyl, fluorophenylethyl and the like. The arylalkyl groups of this 

invention can be optionally substituted. 

The term "arylalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended an arylalkylcarbonyloxy group (i.e., R62C(0)0- wherein R^j is an 
arylalkyl group). The arylalkylcarbonyloxyalkyl groups of this invention can be optionally 
substituted. 

The term "aryloxy" as used herein refers to an aryl group attached to the parent 
molecular group through an oxygen atom. The aryloxy groups of this invention can be 

optionally substituted. 

The term "aryloxycarbonyl" as used herein refers to an aryloxy group attached to the 
parent molecular group through a carbonyl group. The aryloxycarbonyl groups of this 
invention can be optionally substituted. 

The term "aryloyl" as used herein refers to an aryl group attached to the parent 
molecular group through a carbonyl group. The aryloyl groups of this invention can be 

optionally substituted. 

The term ' arylalkyloxycarbonyloxyalkyr' as used herein refers to a loweralkyl 
radical to which is appended R67-0-C(0)-0- wherein R67 is an arylalkyl group. The 
arylalkyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "aryloxy alky 1" as used herein refers to a loweralkyl radical to which is 
appended R^yO- wherein R^s is an aryl group. The aryloxyalkyl groups of this invention 

can be optionally substituted. 

The term "arylalkoxy" as used herein refers to an alkoxy radical to which is 
appended K^yO- wherein Rgj is an aryl group. The arylalkoxy groups of this invention 

can be optionally substituted. 

The term "arylalkyloxyalkyl" as used herein refers to a loweralkyl radical to which 
appended an arylalkoxy group. The arylalkyloxyalkyl groups of this invention can be 
optionally substituted. 
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The term "aryloxy" as used herein refers to Rgj-O- wherein R^g is an aryl group. 
The aryloxy groups of this invention can be optionally substituted. The aryloxy groups of 
this invention can be optionally substituted. 
1055 The term "(aryl)oyl" as used herein refers to an aryl group attached to the parent 

molecular group through a carbonyl group. The (aryl)oyl groups of this invention can be 

optionally substituted. 

The term "aryloxythioalkoxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended R75-S- wherein R75 is an aryloxyalkyl group. The 
1060 aryloxythioalkoxyalkyl groups of this invention can be optionally substituted. 

The term "aryloxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to 
which is appended Rgs-O-CCO)-©- wherein R^j is an aryl group. The 
aryloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "arylsulfonyl" as used herein refers to R36S(0)2- wherein Rj^ is an aryl 

1065 group. The arylsulfonyl groups of this invention can be opuonally substituted. 

The term "arylsulfonyloxy" as used herein refers to R37S(0)20- wherein R37 is an 

aryl group. The arylsulfonyloxy groups of this invention can be optionally substituted. 
The term "carboxy" as used herein refers to -COOH. 

The term "carboxy alky 1" as used herein refers to a loweralkyl radical to which is 
1070 appended a carboxy (-COOH) group. The carboxyalkyl groups of this invention can be 

optionally substituted. 

The term "cyanoalkyl" as used herein used herein refers to a loweralkyl radical to 
which is appended a cyano (-CN) group. The cyanoalkyl groups of this invention can be 

optionally substituted. 
1075 The term "carboxaldehyde" as used herein used herein refers to -CHO. 

The term "(carboxaldehyde)alkyl" as used herein used herein refers to a 
carboxaldehyde group attached to a loweralkyl group. The (carboxaidehyde)alkyl groups of 
this invention can be optionally substituted. 

The terms "cycloalkanoyl" and "(cycloalkyl)oyl" refer to a cycloalkyl group attached 
1080 to the parent molecular group through a carbonyl group. The cycloalkanoyl and 
(cycloalkyl)oyl groups of this invention can be optionally substituted. 

The term "cycloalkanoylalkyl" as used herein refers to a loweralkyl radical to which 
is appended a cycloalkanoyl group (i.e.. R60-C(O)- wherein R^q is a cycloalkyl group). 
The cycloalkanoylalkyl groups of this invention can be optionally substituted. 
1085 The term "cycloalkylalkoxyalkyl" as used herein refers to an alkoxyalkyl group to 

which is attached a cycloalkyl group. The cycloalkylalkoxyalkyl groups of this invention 
can be optionally substituted. 



-30- 



wo 98/50030 PCT/US98/09297 

The term "cycloalkenyl" as used herein refers to an alicychc group comprising from 
3 to 10 carbon atoms and containing a carbon-carbon double bond including, but not limited 
1 090 to, cyclopenteny 1. cyclohexenyl and the like. The cycloalkenyl groups of this invention can 

be optionally substituted. 

The term "cycloalkoxy" as used herein refers to a cycloalkyl group attached to the 
parent molecular group through an oxygen atom. The cycloalkoxy groups of this invention 

can be optionally substituted. 
1095 The term "cycloalkoxyalkyl" as used herein refers to a loweralkyl group to which is 

attached a cycloalkoxy group. The cycloalkoxyalkyl groups of this invention can be 

optionally substituted. 

The term "cycioalkoxycarbonyl" as used herein refers to a cycloalkoxy group 
attached to the parent molecular group through a carbonyl group. The cycioalkoxycarbonyl 
1 100 groups of this invention can be optionally substituted. 

The term "cycloalkyl" as used herein refers to an alicyclic group comprising from 3 
to 10 carbon atoms including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, norbomyl, adamantyl and the like. The cycloalkyl groups of this invention can 
be optionally substituted. The cycloalkyl groups of this invention can be optionally 
1 105 substituted. 

The term "cycloalkylaminocarbonyl" as used herein refers to NHR6oC(0)- wherein 
R60' is a cycloalkyl group. The cycloalkylaminocarbonyl groups of this invention can be 

optionally substituted. 

The term "cycloaikylaminothiocarbonyl" as used herein refers to NHR60'C(S)- 
1 1 10 wherein Reo' is defined above. The cycloaikylaminothiocarbonyl groups of this invention 

can be optionally substituted. 

The term "cycloalkylalkoxy" as used herein refers to an alkoxy radical to which is 
appended a cycloalkyl group. The cycloalkylalkoxy groups of this invention can be 
optionally substituted. 

1115 The term "cycloalkylalkoxyalkyl" as used herein refers to an alkyl radical to which is 

appended a cycloalkylalkoxy group. The cycloalkylalkoxyalkyl groups of this invention can 

be optionally substituted. 

The term "cycloalkylalkoxycarbonyl" as used herein refers to a cycloalkylalkoxy 

radical attached to the parent molecular group through a carbonyl group. The 
1 120 cycloalkylalkoxycarbonyl groups of this invention can be optionally substituted. 

The term "cycloalkylalkyl" as used herein refers to a loweralkyl radical to which is 
appended a cycloalkyl group. Representative examples of cycloalkylalkyl include 
cyclopropylmethyl, cyclohexylmethyl, 2-(cyclopropyl)ethyi. adamantylmethyl and the like. 
The cycloalkylalkyl groups of this invention can be optionally substituted. 
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1 125 The term "cycloalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 

radical to which is appended R^-O-CiOyO- wherein is a cycloalkyl group. The 

cycloalkyloxycarbonyloxyalkyl groups of this invention can be optionally substituted. 

The term "dialkoxyalkyl" as used herein refers to a loweralkyl radical to which is 
appended two alkoxy groups. The dialkoxyalkyl groups of this invention can be optionally 
1130 substituted. 

The term "dialkylamino" as used herein refers to R38R39N- wherein R38 and R39 are 
independently selected from loweralkyl, for example dimethylamino, diethylamino, methyl 
propylamine, and the like. The dialkylamino groups of this invention can be optionally 
substituted. 

1 135 The term "dialkylaminoalkyl" as used herein refers to a loweralkyl radical to which 

is appended a dialkylamino group. The dialkylaminoalkyl groups of this invention can be 

optionally substituted. 

The term "dialkyaminocarbonylalkyl" as used herein refers to a loweralkyl radical to 
which is appended RjyC(Oy wherein Ry3 is a dialkylamino group. The 

1 140 dialkyaminocarbonylalkyl groups of this invention can be optionally substituted. 

The term "dioxoalkyl" as used herein refers to a loweralkyl radical which is 
substituted with two 0x0 (=0) groups. The dioxoalkyl groups of this invention can be 
optionally substituted. 

The term "dithioalkoxyaikyl" as used herein refers to a loweralkyl radical to which is 
1 145 appended two thioalkoxy groups. The dithioalkoxyalkyl groups of this invention can be 
optionally substituted. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 
The term "haloalkenyl" as used herein refers to an alkenyl radical, as defined above, 
bearing at least one halogen substituent. The haloalkenyl groups of this invention can be 
1 150 optionally substituted. 

The term "haloalkyl" as used herein refers to a lower alkyi radical, as defined above, 
bearing at least one halogen substituent, for example, chloromethyl, fluoroethyl or 
trifluoromethyl and the like. Haloalkyl can also include perfluoroalkyl wherein all 
hydrogens of a loweralkyl group are replaced with fluorides. 
1 155 The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used herein refers 

to a 5-, 6- or 7-membered ring containing one, two or three heteroatoms independently 
selected from the group consisting of nitrogen, oxygen and sulfur or a 5-membered ring 
containing 4 nitrogen atoms; and includes a 5-, 6- or 7-membered ring containing one, two 
or three nitrogen atoms; one oxygen atom; one sulfur atom; one nitrogen and one sulfur 
1 160 atom; one nitrogen and one oxygen atom; two oxygen atoms in non-adjacent positions; one 
oxygen and one sulfur atom in non-adjacent positions; two sulfur atoms in non-adjacent 
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positions; two sulfur atoms in adjacent positions and one nitrogen atom; two adjacent 
nitrogen atoms and one sulfur atom; two non-adjacent nitrogen atoms and one sulfur atom; 
two non-adjacent nitrogen atoms and one oxygen atom. The 5-membered ring has 0-2 

1 165 double bonds and the 6- and 7-membered rings have 0-3 double bonds. The term 

"heterocyclic" also includes bicyclic, tricyclic and tetracyclic groups in which any of the 
above heterocyclic rings is fused to one or two rings independently selected from the group 
consisting of an aryl ring, a cyclohexane ring, a cyclohexene ring, a cyclopentane ring, a 
cyclopentene ring and another monocyclic heterocyclic ring (for example, indolyl, quinolyl, 

1 170 isoquinolyl, tetrahydroquinolyl, benzofuryl or benzothienyl and the like). Heterocyclics 
include: pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, 
imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, 
piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, thiomorpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, 

1175 indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, furyl, 

thienyl, thiazolidinyl, isothiazolyl, triazoiyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrimidyl, 
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, dihydroindolyl, 
tetrahydroquinolyl, tetrahydroisoquinolyl, pyranyi, dihydropyranyl, dithiazolyl, 
benzofuranyl and benzothienyl. Heterocyclics also include bridged bicyclic groups wherein 

1 180 a monocyclic heterocyclic group is bridged by an alkylene group, for example, 




and the like. 

Heterocyclics also include compounds of the formula 

1185 

wherein X* is -CH2-, -CH2O- or -O- and Y* is -C(0)- or -(C(R")2)v - wherein R" is 

hydrogen or Ci-C4-alkyl and v is 1, 2 or 3 such as 1,3-benzodioxolyl, 1 ,4-benzodioxany 1 
and the like. 

Heterocyclics can be unsubstituted or substituted with one, two, three, four or five 
1 190 substituents independently selected from the group consisting of 

a) hydroxy, b) -SH, c) halo, d) 0x0 (=0), e) thioxo (=S), f) amino,g) -NHOH, h) 
alkylamino, i) dialkylamino, j) alkoxy, k) alkoxyalkoxy, 1) haloalkyl, m) hydroxyalkyl, n) 
alkoxyalkyl, o) cycloalkyl which is unsubstituted or substituted with one, two, three or four 
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loweralkyl groups, p) cycloalkenyl which is unsubstituted or substituted with one, two, 
1 195 three or four loweralkyl groups, q) alkenyl, r) alkynyl, s) aryl, t) arylalkyl, u) -COOH, v) 
-SO3H, w) loweralkyl, x) alkoxycarbonyl, y) -C(0)NH2, z) -C(S)NH2, aa) -C(-N- 
OH)NH2, bb) aryl-L,6-C(0)- wherein Lj^ is an alkenylene radical, cc) -S-Li7-C(O)OR40 
wherein h^-j is an alkylene radical which is unsubstituted or substituted with one or two 
substitutents independently selected from the group consisting of alkanoyl, 0x0 (=0) or 
1200 methinylamino (=CHNR4iR42 wherein R4, is hydrogen or loweralkyl and R42 is 

loweralkyl) and R40 is hydrogen or a carboxy-protecting group, dd) -S-Li8-C(0)NR43R44 
wherein L^g is an alkylene radical which is unsubstituted or substituted with one or two 
substitutents independently selected from the group consisting of alkanoyl, 0x0 (=0) or 
methinylamino (=CHNR4iR42 wherein R41 is hydrogen or loweralkyl and R43 and R44 
1205 are independently selected from the group consisting of hydrogen, loweralkyl and aryl, ee) 
-S-L19-CN wherein L^g is an alkylene radical, ff) -S-L20-R45 therein L20 is absent or is 
an alkylene radical or an alkenylene radical or an alkynylene radical wherein the alkylene, 
alkenylene or alkynylene radical is unsubstituted or substituted with 0x0 (=0) and R45 is 
hydrogen, aryl, arylalkyl or heterocyclic wherein the heterocyclic is unsubstituted or 
1210 substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, gg) -0-L2rR46 therein L2, is absent 
or is an alkylene radical or an alkenylene radical or an alkynylene radical wherein the 
alkylene, alkenylene or alkynylene radical is unsubstituted or substituted with one or two 
1215 substitutents independently selected from the group consisting of alkanoyl, 0x0 (=0) or 
methinylamino (=CHNR4iR42 wherein R41 is hydrogen or loweralkyl and R46 is 
hydrogen, aryl, arylalkyl or heterocyclic wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
1220 protected amino, alkoxy, tiiioalkoxy and haloalkyl. hh) -0-S(0)2-R47 wherein R47 is aryl, 
arylalkyl, heterocyclic or heterocycUcalkyl wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independentiy selected from tiie group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, ii) -S(0)2-NH-R48 wherein R48 is 
1225 aryl, arylalkyl, heterocyclic or heterocycUcalkyl wherein ttie heterocyclic is unsubstituted or 
substitiited with one, two or tiiree substituents independentiy selected from the group 
consisting of loweralkyl. hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl. jj) alkylsulfinyl, kk) alkylsulfonyl, 11) 
arylsulfonyl, mm) arylsulfonyloxy, nn) -C(=NOR49)C(O)OR50 wherein R49 is hydrogen 
1230 or loweralkyl and R50 is hydrogen or a caitoxy-protecting group. 00) alkoxycarbonylalkyl. 
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pp) carboxyalkyl, qq) cyanoalkyl, rr) alkylaminoalkyl, ss) N-protected alkylaminoalkyl, tt) 
dialkylaminoalkyl, uu) dioxoalkyl, vv) loweralkyl-C(O)-, ww) loweralkyl-C(S)-, xx) aryl- 
C(0)-, yy) aryl-C(S)-, zz) loweralkyl-C(0)-0-, aaa) loweralkyl-S-C(S)- bbb) N-protected 
amino, ccc) aminoalkyl-C(O)-, ddd) N-protected aiiiinoalkyl-C(O)- eee) aminoalkyl-C(S)-, 

1235 fff) N-protected aminoaikyl-C(S)-, ggg) aminoalkyl, hhh) N-protected aminoalkyl, iii) 

formyl, jjj) cyano, kkk) nitro. 111) spiroalkyl, mmm) oxoalkyloxy, nnn) R53-L22-> wherein 

is alkenylene or alkynylene and R53 is aryl or heterocyclic wherein the heterocyclic is 
unsubstituted or substituted with one, two or three substituents independently selected from 
the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, 

1240 N-protected amino, alkoxy, thioalkoxy and haloalkyl, 000) aryl-NH-C(O)-, ppp) R54- 
N=N- wherein R54 is aryl or heterocyclic wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, qqq) =N-R53 wherein R55 is hydrogen, 

1245 aryl, heterocyclic, -S(0)2-aryl or -S(0)2-heterocyciic wherein the heterocyclic is 

unsubstituted or substituted with one, two or three substituents independently selected from 
the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, 
N-protected amino, alkoxy, thioalkoxy and haloalkyl, rrr) diarylalkyl-N=N-, sss) aryl- 
N(R5^)- or arylalkyl-N(R55)- wherein R55 is hydrogen or an N-protecting group, ttt) aryl- 

1250 sulfonylalkyl, uuu) heterocyclicsulfonylalkyl wherein the heterocyclic is unsubstituted or 
substituted with one, two or three substituents independently selected from the group 
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), amino, N- 
protected amino, alkoxy, thioalkoxy and haloalkyl, vvv) =C(CN)(C(0)NH2), www) 

=C(CN)(C(0)0-loweralkyl), xxx) heterocyclic or heterocyclicalkyi wherein the heterocyclic 
1255 is unsubstituted or substituted with one, two or three substituents independently selected 
from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, 0x0 (=0), 
amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, yyy) hydroxy thioalkoxy, zzz) 
aryloxyalkyl, aaaa) aryloxyalkylthioalkoxy, bbbb) dialkoxyalkyl, cccc) dithioalkoxyalkyl, 
dddd) arylalkyl-NH-L23- wherein L23 is an alkylene group, eeee) heterocyclicalkyl-NH- 
1260 L24- wherein L24 is an alkylene group, ffff) aryl-S(0)2-NH-L25- wherein L25 is an alkylene 
group, gggg) heterocyclic-S(0)2-NH-L25- wherein L25 is an alkylene group, hhhh) aryl- 
C(0)-NH-L27- wherein L27 is an alkylene group and iiii) heterocyclic-C(0)-NH-L2g- 
wherein L2g is an alkylene group, jjjj) Ryy(CH2)n-X-Y-Z-(CH2)m wherein Ryy is 
cycloalkyl, aryl and loweralkyl, n amd m are independently 0-2, Z is O or absent, Y is 
1265 absent, CH2, CHOH or C(0), with the proviso that when X is O, Z is absent and with the 
proviso that when Z is O, X is absent and with the proviso that when Y is CHOH, X and Z 
are absent. 
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The term "(heterocyclic)alkoxy*' as used herein refers to an alkoxy group to which is 
attached a heterocycle. The (heterocyclic)alkoxy groups of this invention can be optionally 
1270 substituted. 

The term "(l^eterocyciic)alkyl" as used herein refers to a heterocychc group as 
defined above appended to a loweralkyl radical as defined above. Examples of heterocyclic 
alkyl include 2-pyridylmethyl, 4-pyridylmethyl, 4-quinolinylmethyl and the like. The 
(heterocyclic)alkyl groups of this invention can be optionally substituted. 
1275 The term "(heterocyclic)oxy" as used herein refers to a heterocycle connected to the 

parent molecular group through an oxygen atom. The (heterocyclic )oxy groups of this 
invention can be optionally substituted. 

The term " (heterocyclic )oxy alkyl" as used herein refers to a loweralkyl group to which is 

attached a (heterocyclic )oxy group. The (heterocyclic)oxyalkyl groups of this invention can 

1 280 be optionally substituted. 

The term "(heterocyclic)alkoxy alkyl" as used herein refers to an alkoxy alkyl group 

to which is attached a heterocycle. The (heterocyclic)alkoxy alkyl groups of this invention 

can be optionally substituted. 

The term "heterocycliccarbonyloxyalkyl" as used herein refers to a loweralkyl radical 
1285 to which is appended R'j2'C(0)-0- wherein Rj2 is a heterocyclic group. The 

heterocycliccarbonyloxyalkyl groups of this invention can be optionally substituted. 
The term "hydroxy" as used herein refers to -OH. 

The term "hydroxy alkyl" as used herein refers to a loweralkyl radical to which is 
appended an hydroxy group. The hydroxy alkyl groups of this invention can be optionally 
1290 substituted. 

The term "hydroxyarylalkyl" as used herein refers to a arylalkyl group to which is 

appended a hydroxy group. The hydroxyarylalkyl groups of this invention can be 

optionally substituted. 

The term "hydroxythioalkoxy" as used herein refers to R51S- wherein R31 is a 

1295 hydroxy alkyl group. The hydroxythioalkoxy groups of this invention can be optionally 
substituted. 

The term "loweralkyl" as used herein refers to branched or straight chain alkyl 
groups comprising one to ten carbon atoms, including methyl, ethyl, propyl, isopropyl, n- 
butyl, t-butyl, neopentyl and the like. The loweralkyl groups of this invention can be 
1300 optionally substituted. 

The term "N-protected alkyiaminoalkyr' as used herein refers to an alkylaminoalkyl 
group wherein the nitrogen is N-protected. The N-protected alkylaminoalkyl groups of this 
invention can be optionally substituted. 

The term "nitro" as used herein refers to -NO2. 
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1305 The term "oxo" as used herein refers to (=0). 

The term "oxoalkyloxy" as used herein refers to an alkoxy radical wherein the 
loweralkyi moiety is substituted with an oxo (=0) group. The oxoaikyloxy groups of this 
invention can be optionally substituted. 

The term "oxyamino(alkyl)carbonylalkyr' as used herein refers to a 
1310 -0-NR-C(0)-R' group wherein R and R* are loweralkyL 

The term "oxyamino(arylalkyl)carbonylalkyr' as used herein refers to a 
-0-NRR3-C(0)-R group wherein R% is arylalkyl and R is loweralkyi. 

The term "oxyaminocarbonylalkyl" as used herein refers to -0-NH-C(0)-R group 
wherein R is loweralkyi. 
1315 The term "spiroalkyl" as used herein refers to an alkylene diradical, both ends of 

which are bonded to the same carbon atom of the parent group to form a spirocyclic group. 
The spiroalkyl groups of this invention can be optionally substituted. 
The term "sulfhydryl" as used herein refers to -SH. 

The term "sulfhydrylalkyl" as used herein refers to a loweralkyi group to which is 
1320 attached a sulfhydryl group. The sulfhydrylalkyl groups of this invention can be optionally 
substituted. 

The term "thioalkoxy" as used herein refers to R52S- wherein R52 is loweralkyi. 

Examples of thioalkoxy include, but are not limited to, methylthio, ethylthio and the like. 

The thioalkoxy groups of this invention can be optionally substituted. 

1325 The term "thioalkoxyalkyl" as used herein refers to a thioalkoxy group as previously 

defined appended to a loweralkyi group as previously defined. Examples of thioalkoxyalkyl 

include thiomethoxymethyl, 2-thiomethoxyethyl and the like. The thioalkoxyalkyl groups 

of this invention can be optionally substituted. 

The term "thiocycloaikoxy" as used herein refers to a cycloalkyl group attached to 

1330 the parent molecular group through a sulfur atom. The thiocycloalkoxy groups of this 

invention can be optionally substituted. 

The term "thiocycloalkoxy alky 1" as used herein refers to a loweralkyi group to 

which is attached a thiocycloalkoxy group. The thiocycloalkoxyalkyl groups of this 

invention can be optionally substituted. 

1335 Preferred embodiments 

Preferred compounds of the invention are compounds of formula I wherein Rj is 

unsubstituted or substituted phenyl and R2 is -C(0)NH-CH(R|4)-C(0)OR|5 or 
-C(0)NH-CH(Ri4)-C(0)NHS02Ri6 wherein L2, R14 R15 and R16 are defined above. 

1340 More preferred compounds of the invention are compounds of formula I wherein Rj 

is unsubstituted or substituted phenyl and R2 is 
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Still more preferred compounds have formula I wherein R3 is selected from the 
group consisting of (a) pyridyl, (b) imidazolyl, and (c) furyl wherein the pyridyl, 
imidazolyl, or furyi group may be substituted with 1, 2 or 3 substituents selected from the 
group consisting of aryl, loweralkyl, halo, nitro, haloalkyl, hydroxy, hydroxyalkyl, amino, 
1350 N-protected amino, alkoxy, and thioalkoxy. 

Still more preferred compounds of the invention have the structure defined 
immediately above wherein Rj is unsubstituted or substituted phenyl and R2 is 

H M 

° s ° s 

(a) SCH3 ^ (b) SOaCHs^ 



o 



1355 (c) 
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N^CONHS02Ri6 



SCH3 



H H 
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(d) ' .or(e) ' 

The most preferred compounds have the structure defined immediately above 
1360 wherein R3 is unsubstituted or substituted pyridyl or imidazolyl. 
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Protein Famesvltransferase Inhibition 
The abiUty of the compounds of the invention to inhibit protein famesyltransferase 
or protein geranylgeranyltransferase can be measured according to the method of Moores, et 
1365 al., J. Biol. Chem. 266: 14603 (1991) or the method of Vogt, et al., J. Biol. Chem. 
270:660-664 (1995). In addition, procedures for determination of the inhibition of 
famesylation of the oncogene protein Ras are described by Goldstein, et al., J. Biol. 
Chem., 266:15575-15578 (1991) and by Singh in United States Patent No. 5,245,061. 

In addition, in vitro inhibition of protein famesyltransferase may be measured by the 
1370 following procedure. Rat brain protein famesyltransferase activity is measured using an 
Amersham Life Science commercial scintillation proximity assay kit and substituting a 
biotin-K Ras B fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val-Ile-Met-C02H), 0.1 
mM final concentration, for the biotin-lamin substrate provided by Amersham. The enzyme 
is purified according to Reiss, Y., et al.. Cell, 62: 81-88 (1990), utilizing steps one through 
1375 three. The specific activity of the enzyme is approximately 10 nmol substrate 

famesylated/mg enzyme/hour. The percent inhibition of the famesylation caused by the 
compounds of the invention (at 10 x 10"^ M) compared to an uninhibited control sample is 
evaluated in the same Amersham test system. 

The % inhibition of protein famesyltransferase was determined for representative 
1380 compounds of the invention. The results are summarized in Table 1. 
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Tables 1-5 

In Vitro Potencies of Representative Compounds 
Table 1 . Inhibition of famesyltransferase 
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88 


690 


61 


361 


97 


692 


74 


362 


83 


699 


74 


363 


96 


700 


68 


364 


69 


701 


64 


365 


97 


702 


79 


366 


83 


704 


67 


367 


81 


705 


72 


368 


71 


706 


53 


369 


87 


707 


66 


370 


86 


708 


76 


371 


66 


709 


55 


372 


69 


710 


45 


373 


76 


711 


46 


374 


61 


712 


69 


375 


68 


713 


40 


376 


80 


714 


56 


377 


71 


715 


67 


378 


54 


717 


75 
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380 

\-f \-f 


45 


718 

/ AC/ 


40 


381 


79 


750 


44 


382 


> 50 


752 


58 


383 


> 50 


753 


55 


387 


> 50 


754 


40 


388 


> 50 


755 


44 


390 


> 50 


756 


47 


639 


44 


757 


58 

^y ^y 


659 


55 


758 


46 


663 


43 


759 


49 


f\fA 

V/V>*T 


7S 


952 


> 50 


669 


52 


955 


50 


670 


78 


974 


> 50 


672 


48 
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Table 2. Inhibition of famesvltransferase 



1 


% inhibition 


i 


% inhibition 


1 Example 


at 1X10-6 M 


Example 


at 1X10-6 M 


1 157 


92 1 


583 


98 


158 


2 


587 


97 


159 


84 


595 


97 


160 


30 


607 


96 


161 


54 


610 


94 


162 


12 


613 


97 


163 


18 


617 


99 


164 


92 


620 


98 


165 


74 


626 


61 


166 


97 


627 


85 


167 


98 


632 


43 


168 


92 


633 


32 


183 


98 


636 


72 


184 


36 


641 


34 


185 


93 


642 


48 


186 


86 


644 


54 


187 


68 


386 


>50 


188 


40 


399 


> 50 


189 


88 


403 


99 


190 


4 


404 


98 


191 


28 


405 


98 


192 


95 


406 


95 


193 


4 


407 


98 


196 


43 


435 


96 


197 


1 


451 


85 


201 


63 


452 


96 


202 


31 


453 


90 


203 


76 


456 


81 


204 


98 


457 


92 


205 


98 


460 


88 


206 


67 


463 


91 


207 


98 


465 


92 


1 208 


98 


1 466 


93 
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209 


74 


210 


5 


211 


98 


212 


12 


213 


98 


214 


97 


215 


82 


216 


67 


217 


99 


218 


89 


219 


56 


220 


92 


221 


55 


222 


41 


223 


63 


224 


41 


225 


93 


226 


23 


227 


94 


228 


39 


231 


50 


233 


65 


234 


4 


235 


95 


237 


98 


238 


22 


239 


97 


240 


98 


241 


41 


242 


99 


243 


23 


244 


21 


245 


50 


248 


79 


249 


77 


250 


96 



467 


97 


468 


96 


469 


92 


470 


95 


471 


94 


472 


97 


473 


96 


474 


92 


475 


21 


476 


91 


477 


98 


478 


98 


479 


95 


480 


87 


481 


95 


488 


41 


494 


96 


495 


95 


496 


93 


497 


94 


498 


98 


499 


98 


500 


98 


501 


84 


502 


24 


503 


57 


504 


90 


505 


72 


507 


95 


507 


96 


508 


95 


509 


77 


510 


84 


512 


94 


513 


96 


514 


94 
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329 
330 
331 
332 
333 
334 
343 
344 
345 
346 
347 
348 
349 
379 
541 
542 
544 
545 
546 
547 
550 

728 
552 
553 
554 
555 
556 
557 
560 
561 
564 
565 

566 
568 



98 
98 
98 
26 
99 
93 
72 
95 
91 
98 
95 
66 
99 
21 
37 
67 
35 
88 
97 
91 
96 
78 

88 
92 
96 
85 
99 
93 
91 
91 
98 
94 

98 
93 



810 

812 

813 

816 

824 

831 

832 

834 

835 

844 

846 

850 

862 

866 

867 

868 

872 

878 

879 

886 

889 

902 

903 
908 
910 
911 
918 
923 
924 
925 
926 
936 

937 
962 



89 
94 
95 
87 
90 
92 
80 
55 
96 
92 
85 
90 
95 
62 
71 
89 
74 
95 
95 
35 
95 
85 

78 
88 
42 
65 
97 
78 
77 
87 
69 

69 
95 
>50 
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DOy 


Q 1 






D 1 Z. 


Q 1 


Q7Q 






70 






576 


88 


987 


93 


577 


94 


988 


92 


582 


99 


989 


88 
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1390 Table 3. Inhibition of famesyltransferase 





% inhibition 




% inhibition 


Examole 


at 1X10-7 M 1 


Example 


at 1X10-7 M 


A'XA 




623 


96 


JO 


o~ 1 


129 

1 Jam y 


73 




OZ^ j 


730 


96 






731 


65 




Ovf 1 


732 


84 


AACi 


^ 1 


733 


60 


A A 1 


Q1 


734 


49 


AAO 


RR 1 
oo 1 


735 


96 




Q7 

1 


736 


96 


AAA 


^ 1 


737 


95 






738 


54 


*t*tVJ 


Q1 


739 


83 




Q1 


740 


94 




Q9 

1 


741 


89 




Q1 


742 


87 






743 


51 






745 


93 


*T JO 


87 


146 


84 




Q? 


lAl 


68 


H-U 1 




748 


56 




Q1 


769 


90 






770 


91 






781 


91 


HO-? 




785 


96 


*tOH- 


Q7 


795 


87 


*tO»/ 


Q6 


798 


95 


*tOU 


Q7 


799 


96 


to / 


81 

O 1 


800 


74 


A QQ 

4oy 


Q6 
oO 


1 OU X 


87 
o / 


490 


70 


802 


88 


491 


94 


811 


85 


492 


95 


814 


81 


493 


51 


1 815 


71 
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Dz7D 


ou 




77 












/ J) 




QD 


Ann 






80 
ov/ 








7Q 




Q7 




7S 




ftA 
oO 




S7 








7 1 
/ 1 


All 
oil 




1 


7 1 
/ 1 










^ 1 ^ 
616 






AA 


618 


89 


984 


86 


621 


98 


990 


84 


622 


95 


993 


90 
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Table 4. Inhibition of famesyltransferase 





% inhibition 




% inhibition 


Example 


at 1X10-8 M 1 


Example 


at 1X10-8 M 


384 


91 1 


851 


82 


397 


50 


852 


79 


398 


> 50 


853 


85 


400 


98 


858 


60 


401 


66 


860 


85 


408 


>95 


870 


91 


409 


84 


871 


94 


410 


94 


873 


97 


517 


92 


877 


68 


518 


90 


880 


95 


567 


69 


881 


69 


586 


90 


882 


79 


588 


68 


883 


91 


591 


82 


884 


94 


599 


86 


885 


95 


603 


94 


887 


92 


605 


68 


888 


86 


606 


93 


892 


59 


608 


91 


897 


76 


612 


96 


898 


82 


614 


92 


899 


88 


619 


95 


901 


84 


760 


95 


904 


85 


762 


84 


905 


86 


763 


92 


907 


79 


766 


95 


909 


79 


767 


97 


916 


96 


779 


70 


920 


96 


780 


71 


922 


96 


803 


95 


927 


74 


804 


95 


928 


84 


805 


96 


930 


66 


819 


76 


1 932 


60 
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820 


66 


934 


71 




75 


938 


61 


826 


92 


939 


72 


827 


11 


942 


58 


828 


87 


943 


79 


82Q 


92 


944 


88 




78 


946 


52 


\JmJ\J 


95 


954 


> 50 




91 


958 


> 50 


8^8 


92 


960 


> 50 


840 


73 


985 


89 


841 


93 


986 


95 


842 


88 


991 


69 


84^^ 


96 


992 


93 


845 


85 


994 


83 


847 


85 


995 


92 


848 


87 


996 


80 
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Table 5. Inhibition of geranylgeranyltransferase L 



Example 


Activity 




387 


> 50% inhibition at 1 


. X 10-6 M 


388 


> 50% iniiibition at 1 


. X 10-7 M 


389 


> 50% inhibition at 1 


. X 10-6 M 


390 


> 50% iniiibition at ] 


. X 10-5 M 


392 


> 50% inhibition at ] 


L X 10-5 M 


399 


> 50% inhibition at ] 


[ X 10-6 M 


953 


> 50% inhibition at ] 


[ X 10-6 M 


955 


> 50% iniiibition at 1 


L X 10-7 M 


962 


> 50% inhibition at 1 


I X 10-7 M 


964 


> 50% inhibition at ] 


I X 10-6 M 


966 


> 50% iniiibition at : 


I X 10-6 M 


967 


> 50% inhibition at . 


I X 10-6 M 


969 


> 50% inhibition at 


I X 10-5 M 


974 


> 50% iniiibition at 


1 X 10-5 M 



1395 Table 6. Inhibition of famesyltransferase at concentrations of 10 mM and 1 mM unless 



as * (0.1 mM) or ** (0.01 mM) 



1' ' * ' "' ■ ' — 

Example 


% inhibition 
10 mM 


% inhibition 
1 mM 


Example 


% inhibition 

10 mM 


% inhibition 
1 mM 


-■ ■ ■ '■' 

997 




92 ** 


1199 




71 


998 






1200 




97* 


999 




90 


1201 




73* 


1000 




82* 


1202 




96** 


1001 




92** 


1203 




84* 


1002 




82** 


1204 




93* 


1003 




92* 


1205 

— — — ^— — — — — 




55** 


1004 




92** 


1206 




63** 


1005 




95** 


1207 




91* 


1006 





95** 


1208 




89* 


1007 




85** 


1209 




87* 


1008 




95** 


1210 




64** 


1009 




86** 


1211 




94 


1010 




90* 


1212 




86* 
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1011 




92** 

^ mam 


1213 




79** ! 


1 

1012 




88* 

XX XX 


1214 




1 

QO** 1 


1013 




80* 

XX XX 


1215 




17 i 

i-1 ! 


I 1014 




91 

-X^ A 


1216 




88** 1 


' 1015 




59* 


1217 




— ■ i 

87* ! 


1016 




92* 


1218 

A 4^ XX 




^4** 


1017 




51* 

*X A 


1219 




oc** 

xJ 


i 1018 




97 


1220 






! 1019 




70 

/ XX 


1221 




CO** 


! 1020 




39 


1222 




89* 

xx ^ 


1 

' 1021 




93* 


1223 

X Art ^X 




Ql ** 


i 1022 

X xx 




Q1 ** 

dX A 


1224 




88* 


1 — 1 

! 1023 

X XX ^x 




QQ** 

xX ^x 


1225 




92** 


i 1024 




89** 


1226 




69** 


i ' 

i 1025 




Ql ** 


1227 


91 


1 1026 




74** 


1228 

A mtm^m XX 


! 88* 


1 

1027 




81** 

XX A. 


1229 




66** I 


1028 

A XX XX 




QO** 


1230 

X Mtf fcX X^ 




77** ! 


1 1029 




82** 

XX mtm 


1231 




93* 1 


1 

! 1030 

L A XX «X XX 




92** 


1232 

X Xtf ^x 




68** 1 


1 1031 

I A XX MX JL 




QO** 


1233 

X ^Hr^X ^X 




77** 


1 

i 1032 

XX *X 




oq** 

•x 


1234 




71 ** 


1033 

A XX ^x «x 




76** 


1235 




86** 


' 1034 

A XX fcX ■ 




11 


1236 

X ^x XX 




83** 


1035 




76 


1237 




g9** 


1 1036 




79 


1238 

A ^X XX 




91** 


1037 




88 

XX XX 


1239 




85* 


1038 




57 


1240 

4 4W ■ XX 




64** 


1039 




g9** 


1241 




74* 


1040 




QO** 

XX 


1242 




75* 


1041 




48 


1243 




95* 


1042 




88 


1244 




84 


1043 




90* 


1245 




92 


1044 




76* 


1246 




82 
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1 079 




90 


1281 




81* j 

_ 1 


' 1 080 




87 


1282 




69* ! 


! 1081 




61 


1283 




74* ! 

1 


1 1082 




84* 


1284 




86 


i 1083 




88 


1285 




94 


i 1 084 1 




7/;** 


1286 




85** 


1085 




93* 


1287 




95** 


1086 




87* 


1288 




69* 


1087 




76* 


1289 




93 


1088 




73* 


1290 




80 


108Q 




86* 


1291 






lOQO 




81** 


1292 






1091 




87* 


1293 






1092 




74** 


1294 


i 




1093 

X 1 






1295 


i 

i 


1094 




96** 


1296 


* 

! 
1 


1095 




76* 


1297 






1096 




86* 


1298 




97** 


1097 




80** 


1299 




96** 


1098 




i 60* 


1300 




97* 


1099 




87** 


1301 




97* 


1 100 

X X \J\J 




82** 


1302 




93** 


1 101 

X X\J X. 




86* 


1303 




g\** 


1 102 




84** 

1 \J T 


1304 




gQ** 


1 103 

X X \J ^ 




92* 


1305 




91** 


1 104 

X X 




8Q** 


1306 




85** 


■' " 

1 105 

X X \JmJ 




01 ** 

1 


1307 




85** 


1106 




67** 


1308 




91** 


1 107 




88** 


1309 




96* 


1108 

X X \J\J 




95** 


1310 




90** 


1109 




74** 


1311 




95** 


1110 






1312 




91** 


1111 




63** 


1313 




91** 


1112 




1 62 


1314 




96* 
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1 1 13 




.55 


1315 




86* 'i 


1 1 14 






1316 

X ^/ X 




78* 1 
1 


|- 

I 1115 




94* 


1317 

X w X / 


99 


96 1 

1 


1 

\ 1116 

XXX \J 




Ql ** 

X 


1318 




i 


i 1117 

X X X t 




92* 


1319 




7Q** 1 

— 1 


1118 

X X X u 




86* 


1320 




79 


1119 

j X X X ^ 




84** 


1321 






! 1120 

1 J. X 




93 


1322 

X «^ m^4tm 1 






1 — ■ . . 

1 121 




72* 


1323 






1 122 

X X t t 






1324 






i 

i 1 12^^ 

I X X Jm-J 




90* 


1325 






1 1 24 

1 X 




90* 


1326 






\ 125 




92* 


1327 






1 126 

X X 




87 


1328 


i 


1 127 

X X ^ r 




90* 


1329 


! 


1 128 

X X ^ u 




86* 


1330 




1129 

X X ^ 




go** 


1331 






i 1 130 

1 X X \J 




88** 


1332 

X «y 




92** 


\ 1131 

1 X X *^ X 




96** 


1333 




95* 


1 1 132 

1 X X mJ ^ 




97* 


1334 




"72** 


1 133 

X X ^ ^ 




75* 


1335 




90* 


1134 

X X 






1336 




74 


1 135 

X X ^ <^ 




88* 


1337 




83** 


1 136 

X X ,J\J 




91 

^ X 


1338 




65* 


1137 

X X *^ / 






1339 






1138 

X X *^ w 




65* 


1340 




11* 


1139 

X X ^ 




92* 


1341 

X •i^ * X 




89 


i 1140 

X X • 




77** 


1342 






1141 

X X 1 X 




80* 


1343 




88 


1142 

X X r^tf 




84** 


1344 

X 1 ■ 




93** 


1143 




92* 


1345 




94** 


1144 




76* 


1346 




94* 


1145 




83* 


1347 




81** 


1146 




61** 


1348 




78** 
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1 147 


1 93* 


1 140 




QO** ! 




1 

1 79** 


1 ISO 




\ 

r 






OA* 


1 ISI 






1 1 "SO 




Q9* 


1 1S9 






1 

1 1 SI 




Q 1 * 


1 ISl 

i ^ J^ 






' 1 1 S9 




Q^* 


1 1S4 




IR 


1 

1 1 

1 1 LuD 






1 ISS 




46 


1 1 S4 






1 1S6 




RO 


1 1 SS 




Q 1 * 


1 1S7 




7R 


1 1 S^ 




o / 








1 1 S7 
I ID / 




oo 


1 ISO 








TS 

/D 




1 160 






i 1 1 SQ 




79* 


1 161 

X JVJ 1 




96* 


\ 1 160 




Q'3* 
o J 


1162 




83** 


! 1161 

X 1 vJ i. 




Q7* 


1161 


88** 


1 169 






1164 






1 1 6'^ 




'7'2 ** 


1 16S 






1 1 64 




QA 


1 166 




79* 


1 1 6S 






1 167 




93* 


1 1 66 




7/1 ** 


1 16R 




92** 


1 1 67 




01 * 


1 160 




94* 


1 1 6R 






1 170 




86** 


■ 1 1 6Q 




77 

/ / 


1 17 1 




94* 


r 

1 1 70 






1 179 

X J / Z 




95** 


1 171 




7/1** 


1 171 

X J / J 




95** 


1 1 79 




JO 


1 174 




93** 


1 1 71 




QQ** 
oy 


1 17S 




80** 


1 174 




70** 


1176 




86** 


1 17S 




Q6 


1177 




95* 


1 176 




97* 


1 17R 
u / o 




68 


1177 




19 


1379 

X J / ^ 




41 


1178 


,- ■ . 


88** 


1380 




87** 


1179 




85* 


1381 




65** 


1180 




93* 


1382 




86** 
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1 1 Q 1 


} 


82* 


1 "^Q"^ 




oo 


! 

i 1 1 QO 


, 1 

1 92** 


1 I.QA 






r- • 

1 1 Q1 






1 JOJ 






j 

1 1 1 OA 




84** 






OO^ 


i 

\ 1 1 0€ 

! 1 loj 




85** 


1 Jo / 




o2^^ 


1 1 Q/Z 

1 1 loo 




93** 


1 1QO 

1 J9z 






i 1 1 on 
1 lo / 




93** 


1 '3Q'7 

U9 / 




o /^^ 


1 

1 

1 1 1 oo 
' 1 165 

1 




93** 


1398 




o 1 ^ 


1 1 oc\ 

I 1 189 






1399 




94 


! 1190 






1400 




93 


1 191 




85** 






1 1 

1 192 




91* 






1 1 no 
1 193 










1 1 O/l 

1 194 




78** 






1 1 

1 IVD 




94* 






1196 




87* 






1 

I 1197 




85* 






1 

i 1198 




86* 







* % inhibition at 0. 1 ^iM 
** % inhibition at 0.01 |lIM 



1400 Additional methods for the measurement of in vitro inhibition of protein prenylation 

(i.e., inhibition of famesyltransferase or geranygeranyltransferase) are described below. 

Assays are performed using the glass fiber filter binding assay procedure with either 
rabbit reticulocyte lysate or FTase or GGTase I fractions isolated from bovine brains using a 
combination of hydrophobic and DEAE column chromatography procedures. Protein 

1405 substrates are purchased from Pan vera Corporation (H-ras for FTase, H-ras-CVLL for 
GGTase I). Tritium labeled prenyl lipid substrates (FPP or GGPP) are obtained from 
Amersham Life Science. 

FTase 

1410 ^H-Famesyldiphosphate (final concentration 0.6 |iM), H-Ras (final concentration 

5.0 |iM) and the test compound (various final concentrations from a stock solution in 50% 
DMSO/water; final concentration DMSG < 2%) were mixed in buffer (50 mM HEPES (pH 
7.5), 30 mM MgCh, 20 mM KCl, 10 |iiM ZnCh* 5 mM DTT, 0.01% Triton X-100) to give 



-59- 



wo 98/50030 



PCT/US98/09297 



a final volume of 50 |i.L. The mixture was brought to 37 °C, enzyme was added, and the 
1415 reaction is incubated for 30 minutes. 1 mL of 1 M HCl/ethanol was added to stop the 
reaction, and the mixture was allowed to stand for 15 minutes at room temperature then 
diluted with 2 mL of ethanol. The reaction mixture was filtered through a 2.5 cm glass 
microfiber filter from Whatman and washed with four 2 mL portions of ethanol. The glass 
filter was transferred to a scintillation vial and 5 mL of scintillation fluid was added. The 
1420 radioisotope retained on the glass fiber filter was counted to reflect the activity of the 

enzymes. The IC50 value was calculated by measuring the activity of the enzyme over a 
suitable range of inhibitor concentrations. 

GGTase I 

1425 ^H-geranylgerany diphosphate (final concentration 0.5 |-lM), H-Ras-CVLL (final 

concentration 5.0 |iM) and the test compound (various final concentrations from a stock 
solution in 1 : 1 DMSO/water; final concentration DMSO < 2%) were mixed in buffer (50 
mM Tris-HCl (pH 7.2), 30 mM MgCh, 20 mM KCl, 10 |iM ZnCh, 5 mM DTT, 0.01% 
Triton X-100) to give a final volume of 50 jxL. The mixture was brought to 37 °C, treated 

1430 with enzyme, andincubated for 30 minutes. 1 mL of 1 M HCl/ethanol was added to stop the 
reaction, and the mixture was allowed to stand for 15 minutes at room temperature then 
diluted with 2 mL of ethanol. The reaction mixture was filtered through a 2.5 cm glass 
microfiber filter from Whatman and washed with four 2 mL portions of ethanol. The glass 
filter was transferred to a scintillation vial, and 5 mL scintillation fluid was added. The 

1435 radioisotope retained on the glass fiber filter was counted to reflect the activity of the 

enzymes. The IC50 value was calculated by measuring the activity of the enzyme over a 
suitable range of inhibitor concentrations. 

Additionally, the ability of the compounds of the invention to inhibit prenylation in 
whole cells, inhibit anchorage-independent tumor cell growth and inhibit human tumor 

1440 xenograft in mice could be demonstrated according to the methods described in PCT Patent 
Application No. WO95/25086, published September 21, 1995, which is hereby 
incorporated herein by reference. 

Pharmaceutical Compositions 

1445 The compounds of the present invention can be used in the form of pharmaceutically 

acceptable salts derived from inorganic or organic acids. These salts include, but are not 
limited to, the following: acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate, 

1450 glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride. 
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hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, methanesulfonate, 
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, p- 
toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be 

1455 quatemized with such agents as loweralkyl halides (such as methyl, ethyl, propyl, and butyl 
chloride, bromides, and iodides), dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl 
sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides 
and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil- 
soluble or dispersible products are thereby obtained. 

1460 Examples of acids which may be employed to form pharmaceutically acceptable acid 

addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and 
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric 
acid. 

Basic addition salts can be prepared in situ during the fmal isolation and purification 

1465 of the compounds of formula (I)-(Xn) or separately by reacting the carboxyiic acid function 
with a suitable base such as the hydroxide, carbonate or bicarbonate of a pharmaceutically 
acceptable metal cation or with ammonia or an organic primary, secondary or tertiary amine. 
Such pharmaceutically acceptable salts include, but are not limited to, cations based on the 
alkali and alkaline earth metals such as sodium, lithium, potassium, calcium, magnesium, 

1470 aluminum salts and the like as well as nontoxic ammonium, quaternary ammonium, and 
amine cations including, but not limited to, ammonium, tetramethylammonium, 
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, 
ethylamine and the like. Other representative organic amines useful for the formation of 
base addition salts include diethylamine, ethylenediamine, ethanolamine, diethanolamine, 

1475 piperazine and the like. 

The compounds of the invention are useful (in humans and other mammals) for 
inhibiting protein isoprenyltransferases (i.e, protein famesyltransferase and/or protein 
geranylgeranyltransferase) and the isoprenylation (i.e., famesylation and/or 
geranylgeranylation) of Ras. These inhibitors of protein isoprenyltransferases are also 

1480 useful for inhibiting or treating cancer in humans and other mammals. Examples of cancers 
which may be treated with the compounds of the invention include, but are not limited to, 
carcinomas such as lung, colorectal, bladder, breast, kidney, ovarian, liver, exocrine 
pancreatic, cervical, esophageal, stomach and small intestinal; sarcomas such as oesteroma, 
osteosarcoma, lepoma, liposarcoma, hemanioma and hemangiosarcoma; melanomas such as 

1485 amelanotic and melanotic; mixed types of cancers such as carcinosarcoma, lymphoid tissue 
type, follicular reticulum, cell sarcoma and Hodgkins disease and leukemias, such as 
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myeloid, acute lymphoblastic, chronic lymphocytic, acute myloblastic and chronic 
mylocytic. 

The ability of the compounds of the invention to inhibit or treat cancer can be 
1490 demonstrated according to the methods of Mazerska Z., Woynarowska B„ Stefanska B., 
Borowski S., Drugs Exptl. Clin. Res. 13(6), 345-351 (1987) Bissery, M.C., Guenard F., 
Guerritte-Voegelein F., Lavelle F., Cancer Res. 51, 4845-4852 (1991) and Rygaard J., and 
Povlsen C, Acta Pathol. Microbiol. Scand. 77, 758 (1969), which are hereby incorporated 
herein by reference. 

1495 These inhibitors of protein isoprenyltransferases are also useful for treating or 

preventing restenosis in humans and other mammals. The ability of the compounds of the 
invention to treat or prevent restenosis can be demonstrated according to the methods 
described by Kranzhofer, R. et al. Circ. Res. 73: 264-268 (1993), Mitsuka, M. et al. 
Circ. Res. 73: 269-275 (1993) and Santoian, B.C. et al. Circulation 88: 11-14(1993), 

1500 which are hereby incorporated herein by reference. 

For use as a chemotherapeutic agent, the total daily dose administered to a host in 
single or divided doses may be in amounts, for example, from 0.01 to 500 mg/kg body 
weight daily, preferably in amounts from 0.1 to 20 mg/kg body weight daily and more 
preferably in amounts from 0.5 to 10 mg/kg body weight daily. Dosage unit compositions 

1505 may contain such amounts of submultiples thereof to make up the daily dose. 

For treatment or prevention of restenosis, the total daily dose administered to a host 
in single or divided doses may be in amounts, for example, from 0.001 to 1000 mg/kg body 
weight daily and more preferred from 1.0 to 50 mg/kg body weight daily. Dosage unit 
compositions may contain such amounts of submultiples thereof to make up the daily dose. 

1510 The amount of active ingredient that may be combined with the carrier materials to 

produce a single dosage form will vary depending upon the host treated and the particular 

mode of administration. 

It will be understood, however, that the specific dose level for any particular patient 
will depend upon a variety of factors including the activity of the specific compound 
1515 employed, the age, body weight, general health, sex, diet, time of administration, route of 
administration, rate of excretion, drug combination and the severity of the particular disease 
undergoing therapy. 

The compounds of the present invention may be administered orally, parenterally, 
sublingually, by inhalation spray, rectally or topically in dosage unit formulations containing 
1520 conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles. 
Topical administration may also involve the use of transdermal administration such as 
transdermal patches or iontophoresis devices. The term parenteral as used herein includes 
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subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion 
techniques. 

1525 Injectable preparations, for example sterile injectable aqueous or oleagenous 

suspensions, may be formulated according to the known art using suitable dispersing or 
wetting and suspending agents. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic parenterally acceptable diluent or solvent (as 
in a solution in 1,3-propanediol, for example). Among the acceptable vehicles and solvents 

1530 that may be employed are water, Ringer's solution and isotonic sodium chloride solution. 
Additionally, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be employed including synthetic mono- 
or diglycerides. Fatty acids such as oleic acid find use in the preparation of injectables. 
Suppositories for rectal administration of the drug can be prepared by mixing the 

1535 drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols 
which are soUd at ordinary temperatures but liquid at rectal temperature and will therefore 
melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders and granules. In such solid dosage forms, the active compound may be admixed 

1540 with at least one inert diluent such as sucrose, lactose or starch. These dosage forms may 
also comprise additional substances other than inert diluents such as lubricating agents like 
magnesium stearate. With capsules, tablets and pills, the dosage forms may also comprise 
buffering agents. Tablets and pills may also be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceutically acceptable 

m 

1545 emulsions, solutions, suspensions, syrups and elixirs containing inert diluents commonly 
used in the art such as water. Such compositions may also comprise adjuvants such as 
wetting agents, emulsifying and suspending agents and sweetening, flavoring, and 
perfuming agents. 

The compounds of the present invention can also be administered in the form of 
1550 liposomes. As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid 
crystals dispersed in an aqueous medium. Any non-toxic, physiologically aceptable and 
metaboUzable lipid capable of forming liposomes can be used. The present compositions in 
liposome form can contain, in addition to a compound of the present invention, stabiHzers, 
1555 preservatives, excipients and the like. The preferred lipids are the phospholipids and 
phosphatidyl cholines (lecithins), both natural and synthetic. 

Methods to form liposomes are known in the art. See, for example, Prescott, Ed., 
Methods in Cell Biology . Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 et 
seq., which is hereby incorporated herein by reference. 
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1560 While the compounds of the invention can be administered as the sole active 

pharaiaceuticai agent for the treatment of cancer, they can also be used in combination with 
one or more other chemotherapeutic agents. 

Representative examples of chemotherapeutic agents are described in Holleb, et al.. 
Clinical Oncology . American Cancer Society, United States (1991) p 56 seq,, which is 

1565 hereby incorporated herein by reference These agents include alkylating agents such as the 
nitrogen mustards (mechloethamine, melphalan, chlorambucil, cyclophosphamide and 
ifosfamide), nitrosoureas (carmustine, lomustine, semustine, streptozocin), alkyl sulfonates 
(busulfan), triazines (dacarbazine) and ethyenimines (thiotepa, hexamethylmelamine); folic 
acid analogues (methotrexate); pyrimidine analogues (5-fluorouracil, cytosine arabinoside); 

1570 purine analogues (6-mercaptopurine, 6-thioguanine); antitumor antibiotics (actinomycin D, 
the anthracychnes (doxorubicin), bleomycin, mitomycin C, methramycin); plant alkaloids 
such as vinca alkaloids (vincristine and vinblastine) and etoposide (VP- 16); hormones and 
hormone antagonists (tamoxifen and corticosteroids); and miscellaneous agents (cisplatin, 
taxol and brequinar). 

1575 The above compounds to be employed in combination with the isoprenyl protein 

transferase inhibitor of the invention will be used in therapeutic amounts as indicated in the 
Physicians' Desk Reference (PDR) 47th Edition (1993), which is incorporated herein by 
reference or by such therapeutically useful amounts as would be known to one of ordinary 
skill in the art. 

1 580 The compounds of the invention and the other chemotherapeutic agent can be 

administered at the recommended maximum clinical dosage or at lower doses. Dosage 
levels of the active compounds in the compositions of the invention may be varied to obtain 
a desired therapeutic response depending on the route of administration, severity of the 
disease and the response of the patient. 

1585 When administered as a combination, the therapeutic agents can be formulated as 

separate compositions which are given at the same time or different times, or the therapeutic 
agents can be given as a single composition. 

Preparation of the Compounds of the Invention 
1590 In general, the compounds of the invention can be prepared by the processes 

illustrated in the following Schemes 1-16. In these general schemes compounds of the 
formula I are used to exemplify the methods, but the methods are intended to be applicable 
to all of the compounds of the invention. 
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Scheme 16 illustrates an alternative method for preparing compounds wherein R2 is 
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1640 as defined above. 
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R3-L1 ^R, 



'''^ r-r, u NH2CH(R„)C02R,5 
CO2H 



R3-L 



C(0)NHCH(Ri4)C02Ri5 



'1a 



B. 



R3-L 




O 

CO2H '^(CHj),^ 
" R3-I 



R 



Rla° 



O 

H (CH2)i. 
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Table 6. Amines of the Type AfB'^N-Lj 

1645 




1650 4 5 6 
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1660 
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1665 




1670 

25 26 27 




28 29 30 

1675 
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1680 34 35 36 
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1690 




1695 49 50 51 
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1700 



1705 




-86- 



wo 98/50030 



PCTAJS98/09297 




1710 64 65 66 




1715 

70 71 72 
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1720 




1725 79 80 81 
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88 89 90 

1735 
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94 95 96 
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1745 



1750 




106 107 108 
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115 116 117 
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124 125 126 

1770 
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1785 




S02Me 



N CO2H 
H ^. 




SMe 



1.1 



H ^ 




SOpMe 



N COpH 
H ^ 



O-^o-o ;>o-o A^o-o 



\ 



\ 



\ 



139 140 141 




SMe 




N' 'COaH 
H 





S02Me 



CO2H 




SMe 



N CO2H 
H 



N 




o-O 



\ 



\ 



142 143 144 
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SMe 



N XO2H 
H 



OoS 



OoS 




S02Me 



1790 



\ 



145 146 147 



\ 



CO2H 




SMe 



CO2H 



02S^ 





151 152 153 
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154 155 156 




160 161 162 
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1810 




169 170 171 

1815 
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S02Me 



N "COoH 
H 




SMe 



H ^ 




N 
H 




S02Me 



CO2H 



O 



O-^o-O ^o-O P^-O 



\ 



172 173 174 




SMe 



N 
H 




CO2H 




S02Me 

1 1. . 



N ^C02H 
H ^ 




SMe 



N C O2H 
H 



\ 



\ 




1820 



175 176 177 




178 179 180 
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1830 




.0-0-0 c^o p-^-o 

S s ^ 

\ \ \ 

187 188 189 
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214 215 216 

1860 
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223 224 225 
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SMe 



N' ^C02H 
H 



.N 




262 263 264 





S02Me 



N COgH 
H 




SMe 



N C OoH 
H ^ 




SMe 



N XO2H 
H ^ 





f1 




SOgMe 



CO2H 




SMe 



1 1 



"CO2H 
H ^ 



O 




O 



265 266 267 





S02Me 



N CO2H 
H 




SMe 




N CO2H 
H 





S02Me 



N CO2H 
H 



.N 



268 269 270 
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1915 



1920 




SMe 





S02Me 



H 




SMe 



N 
H 




CO2H 



N 



271 272 273 



S3 




SMe 




N ' C O2H 
H 




SOoMe 



H 




SMe 




N CO2H 
H 



N 



274 275 276 





SOaMe 

I A: 



H 




SMe 




CO2H 




SOaMe 
[vj^COgH 



277 278 279 
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1930 




286 287 288 
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299 300 



1950 




1955 305 306 




307 308 
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1960 



1965 




1970 3 1 5 3 1 6 




317 318 
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1975 



1980 




1985 325 326 




327 328 
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1990 



1995 




2000 335 336 




337 338 
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2005 



2010 




2015 3 4 5 3 4 6 




347 348 
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2020 




351 352 

2025 




2030 355 356 
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363 364 
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2045 365 366 
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371 372 
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2060 



2065 



cnc; 





375 376 



crx: 



377 378 



cnc: 




379 380 



N 
H 




Me 



COgH 




N 
H 




CO2H 



cnc 





SOgMe 



N COoH 
H 



CO2H 





SOoMe 



N CO9H 
H 





SOsMe 



N"^ COoH 
H ^ 
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Table 7. Ethers of the Type A-OT.j 

2070 



2075 




7 8 
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2085 9 10 



2090 



2095 




15 16 
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2100 




19 20 

2105 



2110 



2115 
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25 26 




2120 2 7 2 8 




29 30 

2125 



2130 




33 34 
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2135 



2140 




39 40 

2145 



2150 
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43 44 



2155 



2160 



2165 




51 52 
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2170 




2175 5 5 5 6 




57 58 

2180 




59 60 

2185 
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2190 



2195 



2200 
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2230 




- 131 - 



wo 98/50030 



PCT/US98/09297 




2240 



2245 




99 100 
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2255 




107 108 

2260 




109 110 
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2265 111 112 



2270 




117 118 

2275 




119 120 
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2290 




129 130 
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137 138 

2305 
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139 140 




2310 141 142 




2315 

145 146 




147 148 

2320 
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2325 1 51 152 



2330 




157 158 

2335 
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2340 161 162 



2345 




167 168 

2350 
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2360 




177 178 



2365 
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2375 




187 188 



2380 
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2390 




197 198 



2395 
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2400 



2405 




206 208 

2410 
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2460 




13 14 
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2475 



2480 



2485 
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2490 



- 150- 



wo 98/50030 PCT/US98/09297 

Table 9. Hvdro^ arhnns of the Type Am')CH2-Lj^ 




1 2 

2495 




7 8 
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9 10 




11 12 

2510 




2515 15 16 



- 152- 



wo 98/50030 



PCT/US98/09297 




- 153- 



wo 98/50030 



PCT/US98/09297 



2520 



2525 



Table 10. Amines of the type B-NH2 







10 6 




COgMe 



SOgMe 






H 



SMe 




HnN 




HoN 






20 6 



C02Me 



SMe 





HoN. 



OMe 





H 



COgMe 
SMe 




OMe 



COgMe 
SOaMe 







- 154- 



wo 98/50030 



PCTAJS98/09297 







28 o 




29 b 



C02Me 



OH 




30 o 



2530 




31 6 



H 



OH 




C02Me 




OMe 




35 6 



COgMe 



OH 




33 6 





" N^^COaMe 



37 o 



OMe 




38 o 



COaMe 



OMe 




39 o 



HoN 




H 



40 o 



.C02Me 



OMe 




41 6 



COgMe 



OMe 



OMe 





43 b 



COsMe 



OMe 




44 o 



Nv^COgMe 



OMe 



HoN 




45 b 



COsMe 



OMe 
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2555 
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2560 
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2565 Table 11. Bromides of the type B-Br 



2570 






13 i 




19 6 



C02Me 



SMe 




C02Me 
S02Me 




H 

N^^COaMe 



SMe 






COzMe 



SMe 




COgMe 



SMe 



COgMe 
S02Me 





20 6 



H 

N^^^^COgMe 



SMe 




23 6 



Nx^C02Me 



SMe 




OMe 





COsMe 



SMe 




OMe 






21 6 



OMe 



H 

N>_. C02Me 



SMe 




24 6 
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2575 




25 o 



SMe 



28 o 



COsMe 
OH 




31 6 



C02Me 



OH 




COgMe 



OH 




H 



37 6 



OMe 



^^J<^v^Jl^ COgMe 

^OMe 



40 U 




43 6 



2580 



N^^COgMe 



OMe 




26 o 



Nv^COaMe 



SMe 




29 6 



H 

N^^COjMe 



OH 




32 6 



H 

COgMe 



OH 




^COgMe 



OH 




38 6 



H 

N^^COzMe 



OMe 





44 o 



N^.^ ^COgMe 



OMe 




N^^COgMe 



27 6 



30 o 



OMe 



33 6 





39 6 



OMe 




45 6 



SMe 



C02Me 
OH 




N^^COgMe 



OH 



H 

N^^COaMe 



OMe 




COgMe 



OMe 
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2610 Table 12. Amines of the type A-NH2 

NHo NHc NHo NH- 
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NHo NHp NHp ^NH2 H; 

o o o o 




NH 



2 H- 




NH- 



NOH 




NH. 




2615 




NH2 H2 



NH2 H 




NOH 



NOH 




NH2 H 




10 


11 


12 


p 




NOH 


NH2 HgN- 


A ^NH2 HgN- 












V 


V 


CI 


CI 


C! 


15 


16 


17 



NHOH 



HoN— ^ NH2 HoN--\ NH2 HoN— \ NH2 Jf J/ 

^ \_( ^ \_/ HgN-^ NH2 H2N— \^^NH2 



C^' C^' 



18 



19 



20 



21 



22 



2620 



NHOH o S '^HOH 

H2N--V/NH2 H2N-^(^^NH2 H2N-^r,NH2 HgN-^^ NH 



NHo .NHa 



? ? Y 0-0 g-o 

24 25 26 27 28 



23 



NH2 NH. 



NH- 



NH2 



NH, 



o o-°* 0-°- o'"' ' 



29 30 



31 



32 



OH 

33 



I 

OH 

34 



I 

OH 

35 




NH. 
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.NH2 H 
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MeO 
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p — f-OMe 
135 




138 



OH 



139 
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146 147 148 149 150 



2670 



2675 



2680 
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COoMe 
176 5 



NH- 



.COoMe 
r 

177 6 



p02Me 




NH. 



O 
178 



^C02Me 
179 



NH. 



2685 



C02Me 
180 s 



COzMe COgMe COgMe 

■^"2 HO- 0S(^ ^^"2 H0^O^-T(^ 
181 S 182 s 183 s 




NH. 



184 s 



HO COaMe 
185 s 



COgMe 



186 S 



< 



C02Me 



NHo S, 



187 s 



NH- 



^C02Me 




NH- 



188 S 



C02Me 




NH. 



189 S 



COsMe 




NH, 



S 
190 




NH, 



S 
191 



2690 




COsMe H2N COsMe 

o 193 



HoN 




O 194 



H2N COaMe 
COgMe / O /=\ 

SMe 
195 



COgMe 
HgN-^V^H 

196 



HoN 




COgMe 



MeOK 

H«N nn-Ma / COgMe 



197 



COgMe 

N 

H 

198 



T 

NHg 

199 



HON 

yT- COgMe 

NHg 

200 



2695 




COgMe 



NHa 
201 




COaMe 



<f \-CO2Me 




NHo 

203 



NHg 

204 



^N 
COgMe HN ^ 



C02Me 



C02Me 




O NH2 
205 



NHg 

206 
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Table 13. Acids of the type A-CO2H 

CO2H .CO2H 

Br * 5 



COjH CO2H 

o o 

1 2 



d 



fiO^H CO2H J3O2H 

O Co 

6 7 



CI 



MeO CO2H 
O-V 

8 



HO 




CO2H 



"OH 



CI 




OH 



10 



COgH 
CO2H / ^ 

NO2 



c 

12 



COgH 



2715 



C02H 


COgH 


CO2H 


13 


14 


15 




COaH 


CO2H 


0 CO3H 




V 


20 


SMe 
21 


SOaMe 
22 




COoH Q, 



16 



S' 
17 



.COgH CO2H MeO 

S — ^ 



OH 



18 




COgH 



iPrSOa 



SMe 
23 



COgH 



iPrSOg 




COgH 



S(0)Me 
24 



MeO^ CO2H 
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N-Ac N-Ac 



O^- 



CO2H CO2H HQ, COgH HO CO2H 



55 



56 



HO- \/ '^-^^ HO-'^ ^'^^ 

57 58 59 60 



2740 



CO2H CO2H .CO2H CO2H /""^^ r^^^^ .CO^^ /^^^ 

„ ; r-< r< - ^ ' ^ 

l^H-kc \^N'Ac S^^N-Ac S>^N-Ac 



^ / / \ / \ I \ 

61 62 63 64 6S '6€f 4? ^ ^68 ^ 





CO2H CO2H COgH CO2H Hq CO2H HQ CO2H 

69 s 70 S 71 S 72 s 73 s 74 s 



^COgH ^COgH pOJr\ ^COgH h^C02H h .pOgH COgH 

75 s 76 s 77 s 78 S 79 80 81 



2745 



CO2H .CO2H CO2H cOpH 
/ ^ ^ CO2H ^ / ^ HO CO2H 

H Ts H 

82 83 84 85 86 87 



EtO, CO2H 

N C^O 



88 



89 



90 



HO 




91 



92 



93 



2750 



H >P02^^ 
N— f 

94 



H cP^aH O CO2H H ^COgH h ..COgH 
N— \ \— N N— N— ^ 




95 



96 



97 



98 



H CO2H 




99 



H ^^COgH MeS CO2H 

SMe 

100 101 



P02H 





103 





COgH 



N 104 
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CO2H CO2H u ^COsH H P^^^ CO2H 

ti xi jrs xi Jti 

^N' ^N-^ O^N^ °^N^ ^^S-^N^ EtS-^N^ 

H H H H H H 

105 106 107 108 109 110 

2755 



2760 




123 124 125 126 127 128 
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H /-CO,H H_X-CO,H ^^^^^ /~CO,HHS^ ^CO,H 

o^>o o^>o c> 1} 

H H N ^ N 

141 142 143 144 145 




2775 
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Boc-NH 





Boc-NH COoH Boc-NH CO2H 



173 



174 



Boc-NH' "COoH Boc-NH*^ COoH 

175 176 




2785 



OH 



OH 



Boc-NH^'"^ CO2H Boc-NI-r^COoH Boc- 




OH 




(^NH 




2^ Doc-NH' 'COpH Boc-NH COgH Boc-NH' CO2H 
177 178 179 180 181 






Boc-NH^^COaH Boc-NH COgH Boc-NH COoH Boc-NH^'^ CO2H 



182 



183 



184 



185 



CO2H CO2H CO2H CO2H 

NH-Boc C/^^^""^^(^ NH-Boc hO**'*^!^^^^^^^ NH-Boc hO**'^!^^^^ NH-Boc 

186 o 187 o 188 o 189 o 



2790 



HQ CO2H 



HO. pOgH CO2H CO2H 

^ S- 



NH-Boc .N-..,^^ NH-Boc ^^N-..^^ NH-Boc <^ .N-^^^NH-Boc 

190 6 191 o 192 o 193 o 




pOgH .CO2H 
PO^H CO2H ^ I ^ 

f—\ f—\ S^h^^^NH-Boc a 

N...,^/^ NH-Boc N.-.^^ NH-Boc J< U 

194 o 195 o 196 197 




NH-Boc 



2795 



CO2H 



0/ ( 
N.../^ NH-Boc 

198 s 



CO2H 




199 S 



CO2H 

NH-Boc . 

200 s 



HO' 



CO2H 

HO^Ci>(^ NH-BOC 

201 s 



HO^ CO2H 



HO CO2H 



CO2H 



N......,^^ NH-Boc 

202 s 203 s 



CO2H 



i-< ^ 

NH-Boc S^^N-,..,^^ 

204 S 205 s 



NH-Boc 
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jCOgH 



CO2H 



CO2H 




NH-Boc 



S V 

208 



NH-Boc 




NH-Boc 



Boc-NH ^C02H Boc-NH 




Boc-NH CO2H 
O 211 



Boc-NH CO2H 
Boc-NH COoH / O /=\ 

212 




O SMe 
213 



Boc-NH 



CO2H 

Boc-NH 

.NH 

N^ 

214 




CO2H 



7 W 
215 



MeON HON 
H NH-Boc NH-Boc 

216 217 218 




COgH Boc-N 



NH-Boc 
219 




CO2H 



<rvco,H 



NH-Boc 
221 



({ CO2H HN ^H-COgH 

NH-Boc O NH-Boc 

222 223 



CO2H 




NH-Boc 

224 




225 



CO2H CO2H 

-Boc /' 

'N-Boc C ^N-Boc 

CO H 

226 ^ 227 228 



CO2H 

229 



HQ CO2H 
Cs^N-Boc 



CO2H HO GO2H 



N-Boc L.^^-'^s^ N-Boc N- 



HO^ 



230 



231 



CO2H COoH .SCO2H 

Boc <^ N-Boc N-Boc N-Boc 

232 233 234 235 
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nQ^co,h d^C^ ''''''' 



244 



245 246 CI 



247 



248 OH 



2815 



OH 



N ^ V- COpH 



OH 




CO2H 



249^ 



250 




CO2H N 




CO2H (J" VCO2H 

252 253 



N-N 
H 

254 





COgH HN ^V- COgH 



255 




A — CO2H N— X COpH 

^^=^257 ^=^258 



2820 



^=^259 ""^==^260 2( 



CO2H 



•S 
261 



BOCNK 



BOCNH,^ 

J^^"" COpH ^<X^"" CO2H 



O^ N 
H 



N 
H 



263 



BOCNK,, 



BOCNK 



H 

264 



O-^ N 
H 

265 



2825 



BOCNM^ BOCNH,^^ 
H H 



266 



CO2H 



O"^ N 
OH 

270 



267 



3,:Z^-C02H 



OH 



271 



BOCNK^^^ BOCNK^^ 



H 

268 



H 

269 



0<^0"^^^^ g<X^C02H 



OH 

272 



OH 

273 





- CO2H CO2H 
H H 



274 



275 
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2830 Table 14. Aldehydes of the type A-CHO 

CHO CHO HO CHO HQ CHO 

/ < w w 

•Ac ^>^N-Ac \^^N'Ac C^N-Ac 

12 !i 4 



HO 



C 



CHO 

Ac 



HO 



I 



CHO 

N-Ac 




O 

7 




PHO 
NH 



O 
8 



Etc CHO 

H 10 



CHO 



11 S 



CHO 




12 S 



2835 



HQ CHO HQ CHO 



13 s 



CHO CHO CHO 

HO'^X/'^^ HO^'Xx'^'^""^ ^^^^^ 

14 s 15 S 16 s 



^--"^ HO^^ 



17 s 



HO CHO ^\ P^^ 

OHC^^x-NH 



H 
18 



CI 
18 



CHO 



20 



CHO 



MeOgC— V CHO 



N 
H 

21 



Me02 



N 
H 

22 




CHO 


CHO 


< 


1 

Et 
23 


MeOgC 




1 

Ts 
24 


I 

SO2 

25 



CHO 



CHO 




CHO 




CF3 

26 



27 



CP 



2840 



J . v-CHO . , V .CHO 

28 / 29 / 




CHO 



.CHO CHO CHO 

^NH ^..'-'^^ ^ ^NH 

^' T 31 ([ T32 X ^ 33 

HO-^N^ MeO 




j5r 



CHO Ph CHO 



MeO 



NH 

35 
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2845 



CHO 




CHO 




CHO 




39 H 



CHO 



CHO 





CHO 




CHO 



CHO 




BzO 



CHO 




CHO 




CHO CHO CHO CHO 



2850 




CHO CHO CHO CHO CHO 




.CHO u ^CHO H *CHO H vCHO CHO CHO 



o^P V"" 

63 64 65 66 67 
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0,N 



69 



CHO 




CHO 



N 



O 
70 



CHO 



71 




CHO 




2860 



CHO 
C^N-Ac 

74 



CHO 



S^N-Ac 

75 



PHO 

r-\ 

N-Ac 

76 



CHO 



Ss. N-Ac 

A 

77 



CHO 



r-\ 

N-Ac 

A 

78 



CHO 



79 S 



CHO 
80 S 



.CHO 



81 S 



CHO 



82 



.CHO 




83 



2865 



H J^^^ H 



84 



85 



86 



CHO ^ fHO 



J3 



87 



.CHO 




88 Ph 



H #CHO H ; 

0=^:3 



89 



.CHO 



90 



H /HO 

^5 



91 



H ,^ 

J3 



.CHO 



92 




N 
Ph 

93 



.CHO 



CI 



O, CHO 



94 



MeS CHO 



CHO 



95 



SlUle 




CHO 



2870 



p^,s CHO Br^^CHO 
H N H 



98 



99 



100 



CI CHO CL CHO \ CHO 

H H 



On 



N 
H 



101 



102 



103 



- 183- 



wo 98/50030 



PCTAJS98/09297 



2875 



2880 




124 125 126 127 
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2885 




CHO CI 



N^NH 

nBu 
134 



nBu 
135 



CHO 



Ph 
136 



CHO 



HO CHO 

r=\ 




N^NH 


HN^N 


Ph 


Ph 


137 


138 



H 



^:ho 



2~y 



H 

139 



CHO 



H 

140 



CHO .CHO 

^ HS^ EtS 

H H 

141 



CHO 

Jti 



CHO 



N 
H 

143 




144 



2890 




148 



CHO 



CHO 



149 



HO 




CI 



CHO 



CHO HO CHO 



MeQ 



O 



OH 

150 



147 H 



CHO MeQ 



.CHO 



^) f MeO CHO 

MeO^'X:^ 
152 153 




CHO JCHO 



CHO 



MeO OMe 



154 


155 


156 




CHO 


CHO 


CHO 








Co 


^. 






159 


Br 




160 


161 




CHO 



NMes 
162 



CHO 



157 



MeN 

O^N 



1 



CHO 



I 



Me 



// 
N 



158 



2895 



CHO 


CHO 


















a. 


165 


163 


164 





CHO 
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2900 




183 184 185 



CHO 



iPrS02 




CHO 



iPrS02-'''''''^^^x^ 



CHO /= 



S(0)Me 
188 



2905 



Ph 
189 



CHO CHO 



190 



191 



OH 



CHO 






2910 
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2915 



2920 
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2925 



2930 



2935 




253 254 255 256 257 258 
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2955 




CHO 



CHO 




300 



CHO 



N 
H 

301 



Me 
302 



CHO „ l^CHO 

1 t 

NH2 

Me 
303 



CHO 



H 

304 



PhN 



CHO 



N 
H 

305 



PPh. 



Cr 



CHO 




306 



CHO 



307 




CHO 



308 



2960 
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2970 




334 335 336 337 



2975 




2980 
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CHO 



X 



OHC 




CHO 
OH 



354 





OH OH 



OH OH 



356 



OH 




357 



CHO .N^^S. 



N 



358 



OH OH 



CHO 




CHO 



O^ ^0 OH 



359 




2985 



C 



CHO 
Boc 



360 



CHO HO CHO 

ft ^ ^^^m^ 



361 



Boc 



N-Boc 
362 



HQ, CHO 

w 

N-Boc 
363 



CHO 

HO*''0^-^°^ 

364 



CHO 



365 



366 



CHO 



Boc 



2990 



CHO 



^^^"^^-r^ NH-Boc 
367 O 



CHO 



CHO 



HO CHO 



HQ CHO 




CHO 



CHO 



CHO 



NH-Boc NH-Boc NH-Boc 

372 O 373 O 374 S 



HO^^^^-^ NH-BOC HO-C^'^^^ ^Jn^^ NH-Boc 

371 O 



CHO 



CHO 



/^ll^li^^ NH-Boc C^^^--^^ NH-Boc 
375 S 376 S 



HQ .CHO HO CHO 

N-..^/^ NH-Boc NH-Boc 
377 S 378 S 



w 
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2995 



CHO 



CHO 



379 S 380 S 



NH-Boc 





Boc-NH CHO Boc-NH^ 'CHO 

381 382 




N-O 



Boc-NH CHO 

383 



N-O 
HO'-'^S^JJ^^ 

Boc-NH CHO 

384 



OH 




Boc-NH-^ CHO 

385 



OH 

Boc-NH'^ CHO 

386 



3000 



Boc-NH-^^^ 
387 



CHO 




CHO 



Boc-NH // \> 

o-^o^^ 

388 



^'v.^^^^k^ N-Boc 
391 



.XHO 
Boc 



392 



Q- 



CHO 



389 



NH-Boc 



f^CHO 
ISF={ 



393 



HN ^ ^ — CHO 
O NH-Boc 

390 



CHO 



NH-Boc 394 




NH-Boc 



395 



-r 



CHO 




N-Boc 



396 



.CHO 



S— ^' 




N-Boc 



397 



CHO 




NH-Boc 



398 O 



CHO 




NH-Boc 



399 O 



3005 



CHO 




NH-Boc 



400 



.CHO 



401 



NH-Boc 




CHO 



CHO 



(^N...,^^^ NH-Boc <s^N..^^ NH-Boc 
402 S 403 S 




.CHO 





CHO 



NH-Boc 



NH-Boc 



404 



405 



CHO 

y \ 

S^^N-Boc 
406 



CHO 



I 



CHO 



S^N-Boc S^^^^ N-BOC 

408 
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fiHO CHO fHO pHO 

I — C I — \ I I ^' ^ 

N-Boc S,^N.,..,>^ NH-Boc "^Sf^ NH-Boc S^Nk,^^ NH-Boc 

y\ 410 O 411 O A O 

409 41 2 

3010 

CHO CHO ^.CHO pHO 

I \ I \ I ^ I ^ ^ 

S NU.,/^ NH-Boc S^hk.^^^ NH-Boc S^N..^^ N'^-^o^ N-..^^^ NH-Boc 

A O 414 S 415 S As 

413 416 



CHO 




CHO 



HON. 




NH-Boc 



S 
417 



NyS 
NH-Boc 

418 




CHO 



N 



1 

NH-Boc 

419 



MeON 




CHO 



NH-Boc 
420 




Boc-NH CHO 
421 



3015 




Boc-NH CHO Boc-NH' ^CHO 

422 423 



Boc-NH'^ CHO 

424 



Boc-NH 




Boc-NH' ^ CHO 

425 



Boc-NH 




Boc-NH CHO 



Boc-NH CHO 

426 



N 
H 

427 



Boc-NH. CHO 
O 428 



Boc-NH^^ CHO 

O 429 



3020 




433 434 435 436 
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3025 




445 446 
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Table 15. Alcohols of the type A-OH 



3030 



3035 




22 23 24 



3040 




O 



26 



CI 



OH Br oh 



Bt OH 



OH p 
CI Ph-Ns^N W 

s 

28 1 
27 CI 



PH MeO OH 




(/I n j~\ jri Ji^ 

S^C02Me ^s^COzMe Br'^s'''^C02Me MeOzC O' MeOzC^O COzMe 
29 30 31 32 33 
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3070 



3075 



3080 




135 136 137 138 139 Ph J^bu ""^O 
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3085 



3090 
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3110 
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3115 



3120 
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280 281 282 283 



284 



285 



OH 



H 



N' 
286 



B09 



N 
H 




NT 
287 



OH 



NH 
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3140 



OH OH .OH PH o 



293 



i f 



^ H „ V ^ ■/' BocHN' N-^-- 

288 289 BOC Boc 292 

290 291 



OH /^OH ^-O^ ^i^K^^OH ..^^\/OH 




Boo 294 Boo 295 Boo 296 Boo 297 



/-OH ^^OH H V,,-^OH 



Co C° ""U ^'n>=° 



29?"-^ ^-^-BOO ZOoT^ 30rBoo IhB^"' 





OH 
Ph 



3145 



N 

H ? " 

Boc-NH'^CHaOH H I Boc-NH' "CH2OH ^ , 

303 B0C-NH^CH2OH 305 Boc-NH CH2OH 

306 




N 

H ? 

Boc-NH "^CHaOH 
307 



304 



N 




H I H 

Boc-NH ^CHsOH Boc-NH"^CH20H Boc-NH CH2OH 
308 309 310 



Boc-NH CH2OH 
311 



3150 



N- 

Boc-NH-^ J] 





4^NH 



Boc-NH'^CHpOH Boc-NH^CH20H Boc-NH^ CH2OH Boc-NH CH2OH 
312 313 314 315 





Boc-NH CH2OH Boc-NH CH2OH Boc-NH CH2OH 
316 317 318 
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^ H20H ^CH20H CH2OH CH2OH 

*(^N..,^NH-Boc ^^N-V^'^'^"^"'^ '^s^N-.^NH-Boc 
319 o 320 o 321 o 322 O 



CHoOH CH2OH 
PH2OH CH2OH f-^ ,—( 

I — V I — ' S. N^.X-NH-BocS^^N-V^NH-Boc 

S^N-Y^NH-Boc S^N^NH-Boc X 6 X J) 

323 o 324 o 325 326 



CH2OH CH2OH CH2OH ^ ^H20H 

^>J^^NH-Boc ^3N-r<^NH-Boc ^^^I^^NH-Boc S^N^X^NH-Boc 
327 S 328 S 329 s 330 S 



CH2OH CH2OH 
PH2OH CH2OH s-\' S— f 



S— \ f—\ (. JSl-V^NH-Boc C ^N-,^NH-Boc 

C N^/^NH-Boc C .N^X^NH-Boc X \\ X \\ 



^Ny^NH-Boc (^NY^NH-Boc ^ / ^ g 

331 S 332 . S 333 334 



Boc-NH CH2OH 
Boc-NH PH2OH Boc-NH CH2OH Boc-NH^^ CH2OH ^^9j~^ 




O 335 O 336 O 337 338 



MeON HON 
Boc-NH CH2OH /-CH2OH /-CH2QH 
CHoOH / — V PH2OH /=A 
N=< Boc-NH W N-N^ 

BOC-NH -^V"^" O'^^O'"^ H fllH-Boc NH-Boc 

339 340 342 343 

/--CH2OH Boc-NH^^ CH2OH ^ ^\-N 

N^I^S /r^V-O <r~VcH20H <f VCH2OH HN /VCH2OH 




NH-Boc — CF3 NH-Boc NH-Boc O NH-Boc 

344 345 346 347 348 
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CH2OH 




N-Boc 



349 



CH2OH 




N-Boc 



350 



CH2OH 



^CH20H ^CH20H 
351 352 




NH-Boc 
353 



3170 



PH2OH nH20H 

r—\ CH2OH ^ 

S N-Boc f-\ S^N-Boc 
/\ S^N-Boc >^ 



354 



355 



356 



CH2OH 

^C^N-Boc 
357 




OH 
362 



OH 




N 
363 



CH2OH PH2OH 

s-< 

C^N-Boc S^N-Boc 

358 359 



OH OH 

CN . .A^N02 




364 



365 




OH 




MeO 




3175 



373 



OH 

\ 


OH 
N-k-NOz 


"0"^0 


MeOaC 


374 


NMe2 



OH 




375 



\AeO2C' 



OH 


OH 


r 


6t 






377 


378 



\ OH 
GOzMe^N^SMe N*^m^ 



\ 



OH 



N^^OH 



379 



N 
380 



1 H 



SMe 



381 



382 



OH 





384 



OH 

^N'^NMe2 N N'^ 
385 386 




387 




3180 
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OH 




394 



395 



OH HN^N""^°^ HN^N' 



396 



N 

H 



O 



397 



N 
H 



398 



.OH 



•"^OH HN^N^^^^^ 



399 



400 



3185 



1 






1 



HN N' 



.OH 




OH 



3190 



OH 




H 
N 



OH OH 




Boc' "^'^ N 

MeOoC ^ 
408 




H 

N. 



409 410 



OH 

Boc rj^N BocT 

F3Cr'-N^N'^°" 

H 

411 



H 



OH 




OMe 
412 




OH 



OH 




N 



413 414 



H H H 





OH 
BocT 




415 



416 



417 




3195 
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BOCNK^^ BOCNK,^ BOCNK. 

CH2OH ' 



H H 

424 425 426 427 
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3215 



NT 



HS 




' N — 



N 



26 




SH 



btzN 



SH 



29 



COgEt 



30 



1 N 



HO 



31 




CI 




HO 




32 



^ N 



33 



SH 



HO 



34 
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3235 



3240 
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3275 



3280 
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3285 




172 





SH 



173 



SH K SH 

174 ^ 



Ph 







MeO 




















Br 






177 


178 


179 



SH 



MeO 

SH \=/ SH 



4^s <ys (ys 4^s 



180 



SMe 
181 



SOgMe 
182 



183 



3290 





iPrSOs 
186 




SMe 



OoN 



S(0)Me 
187 188 

C! 



0^^y^SH 





FX 



SH 



s-o 



SH 



N 
Me 



SH 



192 



193 




CF. 195 



3295 





^^/ 



SH 



201 



202 
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Boc-NH CHaSH Boc-NH CH2SH Boc-NH^CHoSH Boc-NH'^CHoSH 
305 306 307 308 



N 




HS-<^X 
H ? 




Boc-NH Ji^ 



Boc-NH CHoSH Boc-NH COoMe Boc-NH COaMe Boc-NH CHoSH 
309 310 311 312 



Boc-NH-<gl fS 

Boc-NH' "CH2SH 
Boc-NH' XHoSH 314 
313 




^^NH 



Boc-NH CH2SH 

^"•^ Boc-NH '^CHoSH 

316 
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3340 




Boc-NH CH2SH 
317 





Boc-NH CH2SH Boc-NH CHoSH 
318 319 




HS 9 



SH O 



N 



0---\ NHBoc 
321 




Boc^ 



NH O 



\J SH 
^ 323 



OMe 



SH O 

^S-^ NHBoc 
324 



3345 



Boc^ QLj 

\^ N Boc 



SH 



325 



326 



Ph 



M'N. SH 
N' 



Boa 



N 
H 



--^"llH 



N' 
327 



B09 




SH 



328 



SH SH SH .SH 



O' 
329 



N o 
H ^ 

330 



N 
Boc 



HN 



„ / BocHN 
331 332 



o 




333 



3350 



HN. 




334 



y-SH 

"N-Boc 
339 



SH 



*-SH 



N 
Boc 



335 



N' 
Boc 



336 




SH ..^^^'v^SH 
Boc 338 



N 





HN. 
340 



Boc 



SH H , 

y-SH 

BocT V- f 




HN. 



341 



O 



342 



Boc 



SH 




Ph 



NyO 
NHBoc 

343 



CCH2SH CH2SH 
; / ( 

N^.^NH-Boc 

O 



344 



CCH2SH ,CH2SH 
N->.^^NH-Boc ^^N^Y^NH-Boc (^N-y^'^"'^°'^ 
O 346 O 347 O 



345 
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3355 



3360 



3365 
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PH2SH CH2SH I — I — ( 

' ' ' NH-Boc 



S^N^NH-Boc S^N^NH-Boc ^ ^ X ^ 

348 O 349 O 350 351 



PH2SH 

N-^^^NH-Boc 



352 




PH2SH CH2SH 
PH2SH CH2SH s-(' S— f 

S-^" S-{ Lji-^y^HH-Boc C ^N^^NH-Boc 

C^N^NH-Boc (^N^ NH-Boc ^ ^ ^ ^ 

356 S 357 S 358 359 



Boc-NH CH2SH 
Boc-NH CH2SH Boc-NH CH2SH Boc-NH CH2SH / p )=\ 

O 360 ° 361 ° 362 363 



MeON HON 
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3380 Table 17. Halides of the type A-Cl, A-Br, and A-I 
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3495 Table 18. Sulfonyl chlorides of the type A-SO2CI 
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3510 
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The foregoing may be better understood by reference to the following examples 
which are provided for illustration and not intended to limit the scope of the inventive 
concept 

In Tables 2-10, the abbreviation bz=benzoyl, bn=benzyl, Ph=phenyl, BOC=t- 

3525 butyloxycarbonyl and TS=p-toluenesulfonyl. 

Compound 1 
( 3-( Aminomethvnbenzovl VMet-OCH^ 

Step A 

3530 ( 3-( Chloromethy nbenzovD-Met-QCH^ 

To a solution of methionine methyl ester hydrochloride (2.0 g, 10 mmol) and 3- 

(chloromethyl)benzoyl chloride (2.08 g, 1 1.0 mmol) in methylene chloride (50 mL) was 

slowly added triethylamine (3.07 mL, 22.0 mmol) at ice bath temperature for 2 hours. The 

mixture was washed with 0.5 N HCl (50 mL x 2), brine (50 mL x 2) and water (50 mL x 2) 
3535 then dried over anhydrous MgSO^ and concentrated under reduced pressure. The residue 

was purified by flash column chromatography (30% ethyl acetate in hexanes) to give the 
desired product (3.03 g) as a white solid: m.p. 82-83°C; 

IH NMR (CDCI3) d 7.82 (IH, s), 7,74 (IH, d, 7=7.7 Hz), 7.53 (IH, d, 7=7.7 Hz), 7.42 

(IH, t, 7=7.7 Hz), 7.06 (IH, br d, 7=7.6Hz), 4.92 (IH, ddd, 7=7.6, 7.1, 5.1 Hz), 4.59 

3540 (2H, s), 3.78 (3H, s), 2.58 (2H, t, 7=7. IHz) 2.26 (IH, sm), 2.15 (IH, m), 2.10 (3H, s); 

13c NMR (CDCI3) d 172.59, 166.54, 138.13, 134.25, 131.95, 129.12, 127.42, 126.97, 

52.72, 52.14, 45.55, 31.47, 30.12, 15.55. 



StepB 

3545 f3-(AzidomethvnbenzovlVMet-OCH 2 

A suspension of (3-(chloromethyl)benzoyl)-Met-OCH3 (1.58 g, 5.0 mmol) and sodium 

azide (1.3 g, 20.0 mmol) in DMSO (40 mL) was stirred at 80°C for 7 hours. The mixture 

was diluted with methylene chloride (100 mL), washed with brine (70 mL x 2) and water 
(70 mL X 2), and then dried over anhydrous MgS04. The solvent was evaporated under 

3550 reduced pressure to give a yellow residue. Chromatography on silica gel (30% ethyl acetate 

in hexanes) to provide the desired product (1.45 g) as a colorless solid: m.p. 48-49°C; ^H 
NMR (CDCI3) d 7.78 (2H, m), 7.49 (2H, m), 6.99 (IH, br d, 7=7.4 Hz), 4.49 (IH, ddd, 

7=7.4, 7.1, 5.2 Hz), 4.42 (2H, s), 3.80 (3H,s), 2.60 (2H, t, 7=7.4 Hz), 2.29 (IH, m), 
2.17 (IH, m), 2.12 (3H, s); l^c NMR (CDCI3) d 177.50. 166.54, 135.97, 134.06, 

3555 131.18, 128.89, 126.84, 126.71, 54.09, 52.47, 51.95, 31.38, 30.00,15.30, 



StepC 
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(3-rAminomethvnbenzovlVMet-OrH ^ 
A suspension of (3-(azidomethyl)benzoyI)-Met-OCH3 (1.29 g, 4.0 mmol) and 5% 

3560 palladium on carbon (0.2 g) in methanol (40 mL) was stirred under a hydrogen atmosphere 

(1 atm) for two days at room temperature. The catalyst was removed by filtration through 

celite ( 1 .5 g) and the solvent was evaporated in vacuo. The residue was washed with water 

(5 mL X 2) and dried to give the desired product (1.12 g) as a colorless foam. NMR 
(CDCI3) d 7.81 (IH, s), 7.68 (IH, d, 7=7.4 Hz), 7.45 (IH, d, 7=6.5 Hz), 7.36 (IH, t, 

3565 7=7.4 Hz), 4.91 (IH, ddd, 7=7.3, 7.1, 5.1 Hz), 3.90 (2H, s), 3.77 (3H, s), 3.21 (2H, br 
s), 2.59 (2H, t, 7=7.4 Hz), 2.20 (IH, m), 2.12 (IH, m), 2.09 (3H, s). 

Compound 2 
f4-(Aminomethvl>benzoyl)-Met'OCH2 

3570 The title compound is prepared according to the procedure used to prepare Compound 1 but 
replacing 3-(chloromethyl)benzoyl chloride with 4-(chloromethyl)benzoyl chloride. 

Compound 3 
G-AminobenzoyD-Met'OCH^ 

3575 The title compound was prepared according to the procedure described in J. Biol. Chem. 
269 12410-12413 (1994). 

Compound 4 
( 4> Aminobenzoy 1 VMet-OCH^ 

3580 

Step A 

N-BOC-4-Aminobenzoic acid 

4-Aminobenzoic acid (10 g, 72.9 mmol) was placed into a mixture of dioxane (145.8 mL) 

and 0.5 M NaOH (145.8 mL). The solution was cooled to O^C and di-t-butyl dicarbonate 

3585 (23.87 g, 109.5 mmol) was added. The reaction mixture was allowed to warm to room 

temperature and stirred overnight. The next day, the dioxane was removed, the residue was 

made acidic and extracted into ethyl acetate. The ethyl acetate fractions were combined and 

washed with IN HCl to remove any unreacted starting material. The solution was dried 
over Na2S04 and the solvent was removed in vacuo. The crude material was recrystallized 

3590 from ethyl acetate/hexanes to provide the desired product (12.2 g): m.p. 189-190®C; ^H 
NMR (CD3OD) d 1.52 (9H, s), 7,49 (2H, d, 7=8.6 Hz), 7.91 (2H, d, 7=8.6 Hz), 9.28 

(IH, s); 13c NMR (CD3OD) d 28.59, 81.29, 118.54, 125.30, 131.81, 145.70, 155.00, 

169.80; Anal. Calc. for C12H15NO4, C: 60.76, H: 6.37, N: 5.90; Found, C: 60.52, H: 

6.43, N: 5.83; HRMS Calc. for CJ2H15NO4, 237.0961, Found, 237.1001. 
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3595 

StepB 

fN-BOC-4-AminQbenzovlVMet-QCH o 

Into a dried, nitrogen filled flask was placed N-BOC-4-aminobenzoic acid (8.77 g, 36.97 

mmol) in dry methylene chloride (148 mL) along with methionine methyl ester 

3600 hydrochloride (8.12 g, 40.66 mmol). This solution was cooled in an ice bath and 

triethylamine (6.7 mL), EDCI (7.80 g, 40.66 mmol) and hydroxybenzotriazole (HOBT, 

5.50 g, 40.66 mmol) were added. The mixture was stirred overnight, diluted with more 
methylene chloride and was extracted three times each with 1 M HCl, IM NaHC03 and 

water. The methylene chloride was dried over MgS04 and the solvent was removed in 

3605 vacuo. The resulting solid was recrystailized from ethyl acetate/hexanes to yield the desired 
product (9.72 g): m.p. 184-185°C; NMR (CDCI3) d 1.53 (9H, s), 2.06-2.18 (4H, m), 

2.23-2.33 (IH, m), 2.59 (2H, t, 7=7.6 Hz), 3.80 (3H, s), 4.92 (IH, m), 7.45 (2H, d, 
7=8.7 Hz), 7.77 (2H, d, 7=8.7 Hz); l^c NMR (CDCI3) d 15.59, 28.34, 30.15, 31.64, 

52.10, 52,73, 81.20, 117,73, 127.8, 128.33, 141.88, 152.33, 166.50, 172.75; 
3610 Anal. Calc. for CigH26N205S, C: 56.53, H: 6.85, N: 7.29; Found, C: 56.47, H: 6.86, N: 

7.29; m/z (EI) 382 (M). 

StepC 

(4-Aminobenzoyl)-Met-OCH^ hydrochloride 
3615 N-BOC-4-aminobenzoyl-Met-OCH3 (3.53 g, 9,59 mmol) was placed into methylene 

chloride (30-35 mL) and to it was added 3M HCl/Et02 (38.4 mL). After standing, a white 

precipitate formed. After two hours the solution was decanted and the crystals were 

collected by centrifugation. The crystals were then washed several times with fresh ether 

and dried overnight on the vacuum pump. Meanwhile, the filtrate was left to stand 

3620 overnight to allow additional product to precipitate. The second fraction was washed with 

ether and dried overnight on the vacuum pump. The total yield of the desired product was 
2.87 g: m.p. 158-164^C; ^H NMR (CDCI3) d 2.10 (3H, s), 2.12-2.29 (IH, m), 2.52- 

2.71 (IH, m), 2.59 (2H, t, 7=7.6 Hz), 3.75 (3H, s), 4.79 (IH, m), 7.02 (2H, d, 7=8.6 
Hz), 7.55 (2H, d, 7=8.6 Hz); ^^C NMR (CDCI3) d 15.23, 31.43, 31.53, 52.91, 52.43, 

3625 124.35, 130.56, 135.31, 135.76, 168.95, 173.87; HRMS Calc. for Ci3HigN203S, 
282.1038, Found 282.1009. 

Compound 5 
( 4- Amino-3-methylbenzovlVMet-QCH2 



3630 



Step A 
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N-BOC-4-Amino-3-methvlben2oic acid 
4-Amino-3-inethylbenzoic acid (5 g, 33.1 mmol) was reacted according to the same 
procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid. The 
3635 resulting orange-brown solid was recrystallized from ethyl acetate and hexanes to provide 

the desired product (4.99 g) as tan prismatic crystals: m.p. 180-182°C; IH NMR (CD3OD) 
d 1.51 (9h, s), 2.27 (3H, s), 7.66 (IH, d, 7=8.1 Hz), 7.79-7.82 (2H, m), 8.32 (IH, s); 
13C NMR (CD30D) d 17.98, 28.62, 81.47, 123.12, 127.05, 129.14, 130.65, 132.99, 
142.45, 155.33, 168,70; Anal. Calc. for Ci3Hj7N04, C: 62.15, H: 6.82, N: 5.58; Found 

3640 C: 62.07, H: 6.86, N: 5.46; m/z (EI) 251; HRMS Calc. for C13H17NO4, 251.1158; 
Found, 251.1153. 

StepB 

rN-BOC-4-Amino-3-methvlbenzovn-Met-OCH^ 

3645 N-BOC-4-amino-3-methylbenzoic acid (2.00 g, 7.96 mmol) was reacted with with 

methionine methyl ester hydrochloride (1.75 g, 8.76 mmol), triethylamine (1.4 mL), EDCI 

(1.68 g, 8.76 mmol) and hydroxybenzotriazole (HOBT, 1.18 g, 8.76 mmol) in dr>' 

methylene chloride (3 1 .8 mL) according to the procedure described for the preparation of N- 
BOC-4-aminobenzoyi)-Met-OCH3. The resulting solid was recrystallized from ethyl 

3650 acetate/hexanes to yield the desired product (2.61 g): m.p. 163-165''C; NMR (CDCI3) d 

1.54 (9H, s), 2.06-2.18 (4H, m), 2.23-2.34 (4H, m), 2.59 (2H, t, 7=6.8 Hz), 3.80 (3H, 

s), 4.92 (IH, m), 6.45 (IH, s), 6.88 (IH, d, 7=7.5 Hz), 7.63 (IH, d, 7=8.6 Hz), 7.66 
(IH, s), 8.05 (IH, d, 7=8.6 Hz); l^C NMR (CDCI3) d 15.47, 17.61, 28.22, 30.03, 

31.55, 51.93, 52.57, 81.04, 118.73, 125.62, 127.66, 129.54, 139.89, 152.34, 166.58, 
3655 1 72.66. 



StepC 

( 4- Amino-3-methvlbenzovl VMet-OCH^ hydrochloride 
N-BOC-4-Amino-3-methylbenzoyl-Met-OCH3 (0.99 g, 2.59 nmiol) was dissolved in 

3660 methylene chloride (15-20 mL) and precipitated with 3M HCl/Et20 (20.7 mL). A pale 
orange precipitate was obtained, washed with ether and dried overnight on the vacuum 
pump. The total yield of the desired product was 0.83 g: m.p. 157-159''C; ^HNMR 
(CD3OD) d 2.04 (3H, s), 2.11-2.25 (IH, m), 2.47 (3H, s), 2.52-2.68 (3H, m), 3.74 (3H, 

s), 4.75-4.80 (IH, m), 7.48 (IH, d, 7=8.2 Hz), 7.81 (2H, d, 7=8.2 Hz), 7.87 (IH, s); 
3665 l^C NMR (CD3OD) d 15.23, 17,28, 31.43, 31.51, 52.91, 53.37, 124.41, 127.85, 

131.99, 133.63, 134.14, 135.65, 169.05, 173.84; Anal. Calc. for C14H21N2O3S, C: 
50.52, H: 6.36, N: 8.42; Found C: 50.71, H: 6.40, N: 8.34. 
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Compound 6 

3670 (4-Amino-3'methoxvbenzovn-Met-OrH^ 

Step A 

N~BOC>4-AminO'-3-methoxvbenzQic acid 

4-Amino-3-methoxybenzoic acid (1 g, 5.98 mmol) was reacted according to the same 

3675 procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid. The 

resulting solid was recrystallized from ethyl acetate and hexanes to provide the desired 
product (1.5 g) as tan crystals: m.p. 176-178°C; NMR (CD3OD) d 1.52 (9H, s), 3,92 

(3H, s), 7.56 (IH, s), 7.62 (IH, d, 7=8.4Hz), 7.96 (IH, s), 8.03 (IH, d, 7=8.4 Hz); l^c 
NMR (CD3OD) d 28.53, 56.35, 81.78, 112.01, 118.58, 124.20, 125.76, 133.84, 

3680 149.04, 154.20, 169.60; HRMS Calc. for C13H17NO5, 267.1107; Found, 267.1103. 

StepB 

fN-BOC-4-Amino-3-methoxvbenzovlVMet-OCH^ 

N-BOC-4-aniino-3-methoxybenzoic acid (0.35 g, 1.31 mmol) was reacted with with 

3685 methionine methyl ester hydrochloride (0.9 g, 1.43 nmiol) using EDCI according to the 
procedure described for the preparation of (N-BOC-4-aminobenzoyl)-Met-OCH3. 

The resulting solid was recrystallized from ethyl acetate/hexanes to yield the desired 
product (0.36 g): m.p. 163-165°C; NMR (CDCI3) d 1.53 (9H, s), 2.09-2.18 (4H, m), 

2.23-2.35 (IH, m), 2.60 (2H, t, 7=6.9 Hz), 3.80 (3H, s), 3.93 (3H, s), 4.92 (IH, br s), 

3690 6,93 (IH, d, 7=7.6 Hz), 7.25(1H, m), 7.31 (IH, d, 7=10.2 Hz), 7.44 (IH, s), 8.15 (IH, 
d, 7=8.5 Hz); ^^C NMR (CDCI3) d 15.47, 28,23, 30.09, 31.48, 52.06, 52.54, 55.81, 

80.82, 98.06, 109.38, 116.66, 119.31, 131.52, 147.23, 152.31, 166.57, 172.58; m/z 
(FAB) 413 (M+ 1). 

3695 StepC 

( 4-Amino-3-methoxybenzoylVMet-OCH2 hydrochloride 
N-BOC-4-Amino-3-methoxybenzoyl-Met-OCH3 (0.71 g, 1.79 mmol) was dissolved in 
methylene chloride (4 mL) and precipitated with 3M HCl/Et20 (12 mL). A reddish 

precipitate was obtained, washed with ether and dried overnight on the vacuum pump. The 
3700 total yield of the desired product was 0.55 g: m.p. 176-177''C; ^H NMR (CD3OD) d 2.08 

(3H, s), 2.21 (2H, m), 2.61 (2H, m), 3.74 (3H, s), 4.02 (3H, s), 4.79 (IH, m), 7.50 
(IH, d, 7=8.2 Hz), 7.57 (IH, d, 7=4.1 Hz), 7.67 (IH, s); l^c NMR (CD3OD) d 15.26, 

31.34, 31.42, 52.95, 53.38, 57.12, 112.29, 121.43, 124.57, 124.77, 136.15, 153.67, 
168.79, 173,81. 

3705 
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rompound 7 
r4^ Amino- 1 -naphthovl VMet-OCH 



Step A 

3710 4-Amino-l -naphthoic acid 

4-Ainino-l-naphthalenecarbonitrile (1.5 g, 8.91 mmol) was suspended in a 50% KOH 
solution (18 mL). The heterogeneous solution was heated at reflux for 2-3 days. Once the 
solution became homogeneous and TLC showed no more starting material, the deep red 
solution was cooled and poured over 200 mL of water. The resulting solution was then 

3715 filtered and the desired product was precipitated with concentrated HCl. The resulting red 

crystals were filtered and the filtrate was refiltered to give pink crystals. The first fraction of 

crystals was treated with activated carbon to remove some of the red color. A total of 1.5 1 g 
of the desired product was obtained: m.p. 169-17rC; NMR (CD3OD) d 6.69 (IH, d, 

7=8.2 Hz), 7.38-7.43 (IH, m), 7.48-7.54 (IH, m), 8.03 (IH, d, 7=8.5 Hz), 8.13 (IH, d, 
3720 . 7=8.2 Hz), 9.09 (IH, d, 7=8.5 Hz); i^c NMR (CD3OD) d 107.39, 1 14.61, 122.99, 

123.92, 125.21, 127.40, 128.48, 135.04, 151.35, 171.44; HRMS Calc. forCi|H7N02, 
187.0633; Found, 187,0642. 

StepB 

3725 N-BOC-4- Amino- 1 -naphthoic acid 

4- Amino- 1 -naphthoic acid (0.86 g, 4.61 mmol) was dissolved in dioxane (9.2 mL). Di-t- 

butyl dicarbonate (1.11 g, 5.07 mmol) was added and the mixture was stirred overnight. 

The reaction mixture was worked up as described above for N-BOC-4-aminobenzoic acid to 

give 0.76 g of the desired product as a reddish pink solid: m.p. 194-195°C; ^H NMR 
3730 (CD3OD) d 1.56 (9H, s), 7.53-7.62 (2H, m), 7.79 (IH, d, 7=8.1 Hz), 8.12 (IH, d, 7=8.0 

Hz), 8.22 (IH, d, 7=8.18 Hz), 9.02 (IH, d, 7=8.9 Hz); i^c NMR (CD3OD) d 26.68, 

81.62, 119.06, 123.40, 124.57, 127.03, 127.37, 128.49, 128.77, 131.89, 133.76, 
139.86, 155.95, 170.73; Anal. Calc. for C17HJ7NO4, C: 66.90, H: 5.96, N: 4.88; Found 

C: 66.49, H: 6.08, N: 4.79; m/z (EI), 289; HRMS Calc. for C16H17NO4, 287.1158; 
3735 Found, 287.1151. 



StepC 

fN-BOC-4- Amino- 1 -naphthovlVMet-QCH^ 

N-BOC-4- Amino-naphthoic acid (0.46 g, 1 .60 nmiol), methionine methyl ester 
3740 hydrochloride (0.35 g, 1.76 mmol), EDCI (0.43 g, 1.76 nmiol), HOBT (0.24 g, 1.76 
nmiol) and triethylamine (0.27 mL) in methylene chloride (6.4 mL) were reacted as 
described above for N-BOC-4-aniinobenzoyl-Met-OCH3. After workup and 
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recrystallization from ethyl acetate hexanes, the desired product (0.44 g) was obtained as 
pale pink crystals: m.p. 131-132^C; NMR (CDCI3) d 1.57 (9H, s), 2.1 1-2.21 (4H, 

3745 m), 2.29-2.41 (IH, m), 2.65 (2H. t, 7=7.1 Hz), 3.83 (3H, s), 4.99-5.06 (IH, m), 6.68 
(IH, d, 7=8.0 Hz), 7.02 (IH, s), 7.56-7.59 (2H, m) 7.69 (IH, d, 7=7.9 Hz), 7.87-7.90 
(IH, m), 8.02 (IH, d, 7=7.9 Hz), 8.44-8.48 (IH, m); I3c NMR (CDCI3) d 15.56, 

28.31, 30.19, 31.65, 52.06, 52.64, 81.17, 115.82, 120.18, 125.79, 126.37, 126.53, 
127.18, 131.02, 135.65. 152.93, 169.04, 172.40; HRMS Calc. for C22H28N2O5S, 

3750 432.1719; Found, 432.1702; m/z (FAB) 433 (M+1). 

StepD 

(4- Amino- 1 -naphthovlVMet-OCHT hydrochloride 
(N-BOC-4-Amino-l-naphtholyl)-Met-OCH3 (0.57 g, 1.31 mmol) was deprotected with 

3755 HCl/ether to yield the desired product (0.31 g) as a white solid; m.p. 178-181°C; ^H NMR 
(CD3OD) d 2.08-2.16 (4H, m), 2.20-2.30 (IH, m) 2.57-2.75 (2H, m) 3.82 (3H, s), 4.87- 

4.91 (IH, m), 7.59 (IH, d, 7=7.5 Hz), 7.67 (IH, d, 7=7.5 Hz) 7.71-7.80 (2H, m), 8.03 
(IH, dd, 7=7.1, 2.0 Hz), 8.35 (IH, dd, 7=6.8, 1.8 Hz); 13C NMR (CD3OD) d 15.23, 

31.40, 53.01, 53.33, 119.90, 122.20, 126.15, 127.41,127.77, 129.09, 129.31, 131.50, 
3760 132.33, 135.64, 171.77, 173.83; m/z (FAB), 369 (M+1). 

Compound 8 
(4-Amino-2-phenylbenzoylVMet-QCH 3 

3765 Step A 

4-Nitro-2-phenyltoluene 

2-Bromo-4-nitrotoluene (2.16 g, 10.00 mmol) and phenylboric acid (1.46 g, 12.00 mmol) 

were dissolved in anhydrous DMF (25 mL) under nitrogen. To this mixture was added 
Pd(Ph3P)4 (0.58 g, 5%). The mixture was heated at 100°C overnight. The solution was 

3770 poured onto IN HCl and extracted with Et20. The crude product was chromatographed on 

silica gel using hexanes as eluent. After recrystallization from ethanol, the desired product 
(1.23 g) was obtained as pale orange needles: m.p. 69-7 1°C; ^H NMR (CDCI3) d 2.36 

(3H, s), 7.29-7.40 (2H, m), 7.41-7.49 (5H, m), 8.07-8.10 (2H, m); NMR (CDCI3) 

d 20.68, 121.96, 124.51, 127.78, 128.41, 128.83, 131.06, 139.06, 139.44, 142.97, 
3775 143.48, 146.05; Anal. Calc. for C13H1 jNOj, C: 73.26, H: 5.20, N: 6.57; Found, C: 

73.10, H: 5.12, N: 6.50; m/z (EI) 213; HRMS Calc. for CigHjiNOj, 213.0790; Found, 
213.0793. 

Steps 
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3780 4-Nitro-2-p hpn YlhenzQic acid 

4-Nitro-2-phenyltoluene (0.5 g, 2.34 mmol) was dissolved in water (4.6 mL) and pyridine 
(2.3 niL). The mixture was heated to reflux and KMnO^ (1.85 g, 11. 7 mmol) was added. 

The reaction mixture was heated overnight and the solution was filtered and washed several 

times with boiling water. The aqueous solution was made acidic and the product was 
3785 extracted into ethyl acetate. The ethyl acetate solution was dried over Na2S04 and the 

solvent removed in vacuo to provide the desired product (0.37 g): m.p. 174-176'^C, 
NMR (CD3OD) d 7.38-7.48 (5H, m), 7.96 (IH, d, 7=8.5 Hz), 8.21 (IH, d, 7=2.3 Hz), 

8.28 (IH, dd, 7=8.48, 2.37 Hz); ^^C NMR (CD3OD) d 122.95. 126.09, 129.27, 129.42, 

129.49, 131.56, 139.26, 140,42, 144.41, 150.17, 170.52; m/z (EI) 243 (M). 

3790 

StepC 

r4-Nitro-2-phenvlbenzoyn-Met-OCH^ 

4-Nitro-2-phenylbenzoic acid (0.3 g, 1.23 mmol), methionine methyl ester hydrochloride 

salt (0.27 g, 1.35 nmioi), EDCI (0.26 g, 1.35 mmol), HOBT (0.18 g, 1.35 mmol) and 

3795 triethylamine (0.19 mL) in dry methylene chloride (4.9 mL) were reacted according the 
procedure described above for (N-BOC-4-aniinobenzoyl)-Met-OCH3. After 

recrystallization of the product from ethyl acetate hexanes, the desired product (0.4 1 g) was 
obtained: m.p. 98-101°C; ^H NMR (CDCI3) d 1.62-1.73 (IH, m), 1.79-1.88 (IH, m), 

1.91 (3H, s), 1.99 (2H, t, 7=7.2 Hz), 3.59 (3H, s), 4.53 (IH, m), 6.45 (IH, d, 7=7.8 
3800 Hz), 7.33-7.40 (5H, m), 7.67 (IH, d, 7=8.3 Hz), 8.07-8.12 (2H, m); NMR (CDCI3) 

d 14.92, 29.11, 30.67, 51,51, 52.29, 121.86, 124.74, 128.27, 128.60, 128.69, 129.52, 

137.50, 140.56, 141.02, 148.09, 167.23, 171.23; m/z (FAB), 389 (M+1). 



StepD 

3805 f4-Amino-2-phenylbenzovlVMet-OCH^ 

(4-Nitro-2-phenylbenzoyl)-Met-OCH3 (0.35 g, 0.90 mmol) was dissolved in ethyl acetate 
(9.0 mL). To this mixture was added SnCl2 • 2H2O (1.02 g, 4.5 mmol) and the reaction 

mixture was heated under nitrogen at reflux for one hour. The mixture was poured onto ice, 
the solution was made basic using NaHC03 and the product was extracted into ethyl acetate 

3810 several times (7-8). The ethyl acetate solutions were combined, washed with brine and 

dried over Na2S04. The solvent was removed in vacuo to the desired product (0.24 g) as a 

yellow solid: iH NMR (CDCI3) d 1.58-1.70 (IH, m), 1.80-1.92 (IH, m), 1.98 (3H, s), 

2.06 (2H, t, 7=7.7 Hz), 3.62 (3H, s), 4.00 (2H, br s), 4.56-4.63 (IH, m), 5.84 (IH, d, 

7=7.7 Hz), 6.50 (IH, s), 6.61 (IH, d, 7=8.4 Hz) 7.29-7.42 (5H, m), 7.58 (IH, d, 7=8.3 
3815 Hz); l^C NMR (CDCI3) d 15.02, 29.25, 31.25, 51.57, 52.15, 113.27, 115.88, 123.52, 

127.56, 128.37, 128.44, 130.92, 140.66, 141.44, 148.53, 168.58, 171.91. 
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rompQund 9 
r4-Amino-2-r2-rhienvnbenzovn-Met-OrH^ 

3820 The title compound can be prepared according to the method used to prepare Compound 8, 
only substituting thiophene-2-boronic acid for phenyl boronic acid. 

Compound 10 
(4-Amino-2-f 1 -naphthyDbenzovlVMet-OCH^ 

3825 The title compound can be prepared according to the method used to prepare Compound 8, 
only substituting 1-naphthylboronic acid for phenylboronic acid. 

Compound 1 1 
4-Amino-3'-'methylbiphenyl 
3830 The title compound was prepared by Suzuki coupling of l-bromo-4-nitrobenzene and 1- 
bromo-3-methylbenzene. 

Compound 12 
4-Ainino-4 -biphenyl carboxylic acid 

3835 

Step A 
4-Nitro-4'-methvlbiphenyl 
The title compound was prepared by Suzuki coupling of 1 -bromo-4-nitrobenzene and 1- 
bromo-4-methylbenzene. 

StepB 

4-Nitro-4'-biphenyl carboxvlic acid 
The title compound was prepared by KMnO^ oxidation of 4-nitro-4'-methylbiphenyL 

3845 Step C 

4'Amino-4'-biphenyl carboxylic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4-nitro-4'- 
biphenyl carboxylic acid. 

3850 Compound 13 

4-Ainino-3'-biphenvl carboxylic acid 

Step A 



3840 
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4-Nitrn-:^'-methvlbiDhcnvl 
3855 The title compound was prepared by Suzuki coupling of l-bromo-4-nitrobenzene and 1- 
bromo-3 -methy Ibenzene. 

StepB 

4-Nitro-3'-biphenvl carboxvlic acid 
3860 The title compound was prepared by KMn04 oxidation of 4-nitro-3'-methylbiphenyl. 

StepC 

4''Amino-3'-biphenvl carboxylic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 4-nitro-3'- 
3865 biphenyl carboxylic acid. 

Compound 14 
4-Amino-2-methoxv-3'-biphenvl carboxylic acid 

3870 Step A 

2-Methoxy-4'nitrO"3-methvlbiphenvl 
The title compound was prepared by reaction of l-bromo-2-methoxy-4-nitrobenzene with 3- 
methylphenylboronic acid in the presence of palladium acetate. 

3875 StepB 

2-Methoxv-4-nitro-3 -biphenylcarboxvlic acid 
The title compound was prepared by KMn04 oxidation of 2-methoxy-4-mtro-3'- 

methylbiphenyl. 

3880 StepC 

4-AminO'2-methoxv-3'-biphenvl carboxvlic acid 
The title compound can be prepared by palladium catalyzed hydrogenation of 2-methoxy-4~ 
nitro-3'-biphenyl carboxylic acid. 

3885 Compound 15 

4-Amino-2-isopropvlQxv-3'"biphenvl carboxvlic acid 
The title compound can be prepared by methods analogous to those used to prepare 
Compound 14. 

3890 Compound 16 
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4-AminQ-2-phenvl-^'-hiphenvlcarboxvlic acid 
The title compound can be prepared by methods analogous to those used to prepare 
Compound 14. 

3895 Compound 17 

(4-Amino-2-(3.5-dimethvlphenvl)benzovlVMet-QCH o 

Step A 

2-Bromo-4-nitrobenzQic acid 

3900 2-Bromo-4-nitrotoluene (5.0 g, 23.14 mmol) was dissolved in pyridine (23 mL) and water 
(46 mL). The heterogeneous mixture was heated to 60°C and KMn04 (18.29 1 15.7 

nunol) was added carefully. The mixture was then heated under reflux ovemight. The 

reaction mixture was filtered and washed with boiling water. The solution was then made 
acidic and extracted into ethyl acetate, dried over Na2S04 and the solvent was removed in 

3905 vacuo. The crude product was dissolved in aqueous NaOH and washed with hexanes. The 

aqueous phase was made acidic and the product was extracted into ethyl acetate. The ethyl 
acetate solutions were combined and dried over Na2S04 and the solvent was removed in 

vacuo to provide the desired product (3.72 g): m.p. 158-1 60°C; NMR (CD3OD) d 

7.81 (IH, d, 7=8.5 Hz), 8.08 (IH, d, 7=8.5 Hz), 8.30 (IH, s); l^C NMR (CD3OD) d 

3910 121.96, 122.75, 129.36, 132.24, 139.52, 149.54, 167.75; Anal. Calc. for C7H4BrN04 

•0.1 ethyl acetate, C: 34.88, H: 1.90, N: 5.50; Found, C: 34.68, H: 1.86, N: 5.82. 

StepB 

3,5-Dimethylphenylboronic acid 

3915 Magnesium turnings (1.44 g, 59.43 mmol) were coverd with dry THF (18.8 mL) in a 

dried, nitrogen filled flask fitted with an addition funnel and reflux condenser. To this was 

added 5-bromo-m-xylene (10 g, 54.03 mmol) in THF (15 mL) after initiation of the 

Grignard reaction. The addition was carried out over several minutes and the reacton 

mixture was heated at reflux for 1-2 hours until most of the magnesium had reacted. The 

3920 reaction mixture was then cooled and transferred to an addition funnel fitted to an nitrogen 

filled flask containing triisopropyl borate (24.9 mL) at -70°C. The dropwise addition was 

carried out over several minutes and the mixture warmed to room temperature and stirred 

ovemight. The grey solution was poured onto 2 M HCl and inraiediately turned yellow. 
The solution was extracted with Et20 and the Et20 fractions were combined, dried over 

3925 MgS04 and the solvent was removed in vacuo to provide the desired product (2.41 g): 

m.p.249-251°C; ^H NMR (CDCI3) d 2.44 (6H, s), 7.23 (IH, s), 7.84 (2H, s); l^c NMR 

(CD3OD) d 21.36, 133.28, 134.39, 137.48. 
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StepC 

3930 4-Nitro-2-r3.5-dimethv]phenvnbcnzoic acid 

2-Bromo-4-nitrobenzoic acid (0.43 g, 2.03 mmol) and 3,5-dimethylphenyl boronic acid 

(0.334 g, 2.23 mmol) were dissolved in anhydrous DMF (25 mL) under nitrogen. To this 
mixture was added CS2CO3 (1.66 g, 5.08 mmol) followed by Pd(Ph3P)4 (0.12 g, 5%). 

The mixture was heated at 100°C overnight. The solution was poured onto IN HCl and 
3935 extracted with Et20. It was dried over MgS04 and the solvent was removed in vacuo. The 

crude product was chromatographed on silica gel using a 9: 1 mixture of hexanes and ethyl 
acetate to provide the desired product (0.34 g): NMR (CDCI3) d 2.36 (6H, s), 6.99 

(2H, s), 7.07 (IH, s), 8.03 (IH, d, 7=9.0 Hz), 8.23-8.25 (2H, m); ^^C NMR (CDCI3) d 

21.28, 121.68, 123.68, 125.74, 126.07, 130.22, 131.19, 131.31, 135.04, 138.21, 
3940 144.74, 170.75. 

StepD 

f4-Nitro-2-G.5-dimethvlphenvnbenzovlVMet-OCH >^ 

4-Nitro-2-(3,5-dimethyiphenyl)benzoic acid (0.15 g, 0.55 mmol), methionine methyl ester 

3945 hydrochloride (0.1 1 g, 0.55 mmol), EDCI (0.1 1 g, 0.55 mmol), HOBT (0.07 g, 0.55 

mmol) and triethylamine (0.08 mL) in dry methylene chloride (2.2 mL) were reacted and 
worked up according to the procedure for (N-BOC-4-aminobenzoyl )- Met-OCH3 as 

described above. After recrystallization from ethyl acetate and hexanes, the desired product 
was obtained (0.13 g): m,p. 122-124°C; NMR (CDCI3) d 1.2-1,84 (IH, m), 1.85- 

3950 1.97 (IH, m), 2.01 (3H, s), 2.05 (3H, t, y=7.7Hz), 2.38 (6H, s), 3.70 (3H, s), 4.67-4.74 
(IH, m), 6.03 (IH, d, 7=7.9 Hz), 7.05 (2H, s), 7.09 (IH, s), 7.84-7.87 (IH, m), 7,84- 
7.87 (IH, m) 8.23-8.26 (2H, m); NMR (CDCI3) d 15.20, 21.26, 29.22, 31.15, 

51.79, 52,57, 122.07, 125.11, 126.27, 130.03, 130.53, 137.77, 138.82, 140.29, 141.56, 
148.41, 167.14, 171.53. 

3955 

StepE 

f4-Amino-2-f3.5-dimethylphenvnbenzoylVMet-OCH^ 
(4-Nitro-2-(3,5-dimethyIphenyl)benzoyl)-Met-OCH3 (0.11 g, 0.26 mmol) was dissolved in 
ethyl acetate (3.0 mL). To this mixture was added SnCl2 • 2H2O (0.3 g, L30 mmol) and 

3960 the reacton was heated under nitrogen at reflux for 6 hours. The mixture was worked up as 
described above for (4-amino-2-phenylbenzoyl)-Met-OCH3 8^^^ desired product 
(0.15 g): IH NMR (CDCI3) d 1.60-1.70 (IH, m), 1.80-1.90 (IH, m), 1.99 (3H, s), 2.05 

(2H, t, 7=7.6 Hz), 2.33 (6H, s), 3.64 (3H, s), 3.93 (2H, br s), 4,61-4.64 (IH, m), 5.82 
(IH, d, y=7.7 Hz), 6.49 (IH, d, 7=2.3 Hz) 6.62 (IH, dd, 7=8.4, 2.4 Hz), 6.98 (2H, s). 
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3965 7.00 (IH, s), 7.65 (IH, d, 7=8.3 Hz); ^^C NMR (CDCI3) d 15.08, 21.17, 29.28, 31.49, 

51.70, 52.18, 113.30, 115.94, 123.55, 126,36, 129.32, 131.23, 138.15, 140.72, 141.92, 
148.40, 168.45, 172.01. 

Preparation 1 

3970 Anilines of the formula B-NH2 

The anilines from Table 1, entries 10-126 (B-NH2) are prepared using the procedures for 
Compounds 1-18 with the exception that methionine methyl ester is replaced by 
methioninesulfone methyl ester, (S-Me)cysteine methyl ester, serine methyl ester, (O- 
Me)serine methyl ester, (O-Me)homoserine methyl ester, homoserine lactone, isoleucine 

3975 methyl ester, leucine methyl ester, norleucine methyl ester, norvaline methyl ester, 

cyclohexylaianine methyl ester, phenylalanine methyl ester, or glutamic acid dimethyl ester. 




3980 Preparation 2 

4-Bromo-2"phenylbenzoyl methionine methyl ester 

Preparation 2 A 
4-Bromo-2-phenylbenzoic acid methyl ester 
3985 A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute aqueous HBr 
is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The reaction is treated 
with CuBr (1.1 equivalents) and heated. When judged complete by TLC analysis, the 
mixture is extracted into ethyl acetate which is dried and evaporated. The title arylbromide is 
purified by chromatography on silica gel. 

3990 

Preparation 2B 
4-Bromo-2-phenylbenzoic acid 
To a solution of the resultant compound from Preparation 2 A (1.0 equivalent) in a 3: 1 
mixture of tetrahydrofuran (THF) and water is added an excess (1.5 equivalents) of LiOH. 
3995 When hydrolysis is judged complete by TLC analysis, the solvent is evaporated and the 

remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which is dried 
and evaporated prior to purification by chromatography on silica gel. 
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Preparation 2C 
4>Bromo-2-phenYlhe nzovl methionine methvl ester 
To a solution of the resultant compound from Preparation 2B (1.0 equivalent) in 
dimethylformaniide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (1.0 equivalent) and l-(3-. 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
4005 complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed by IN 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

Preparation 20 

4-BromO"2"Phenvlbenzo vl methionine methvl ester alternate procedure 
A solution of 4-aniino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in dilute 
aqueous HBr is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The 
reaction is treated with CuBr (1.1 equivalents) and heated. When judged complete by TLC 
analysis, the mixture is extracted into ethyl acetate which is dried and evaporated. The title 
arylbromide is purified by chromatography on silica gel. 

Preparation 3 
Arvlbromides of the formula B-Br 
The anilines from Table 1 (B-NH2) are reacted according to the procedures of Preparation 2 
4020 to provide the arylbromides listed in Table 2. 




4025 



t-2-Pvrrolidone-5-amin( 



OH 



MeS 



Example | 
iethvlcarbonvDamino-2-t}henvlbenzovl 



methionine 



Example lA 

Methvl 4-( ( y)-2-Pvrrolidone-5-a minomethvlcarbonvnamino-2-Dhenvlhenznate 
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To a solution of methyl 4-amino-2-phenylben2oate hydrochloride (1.0 equivalent) in 
4030 toluene is added triphosgene (0.33 equivalent) and the mixture is heated at reflux until 
judged complete by TLC analysis. The intermediate is reacted without further 
purification with (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine 
(2.0 equivalents). When judged complete by TLC analysis, the reaction is taken up in 
ethyl acetate and washed with IN HCl and brine, evaporated, and purified by 
4035 chromatography on silica gel. 

Example IB 

4-((yi-2-Pyrrolidone-5-aminomethylcarbonyl)amino-2~phenvlbenzoic acid 
To a solution of the resultant compound from Example 1 A (1.0 equivalent) in a 3: 1 
4040 mixture of tetrahydrofuran (THE) and water is added an excess (1.5 equivalents) of 

LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated 
and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate 
which is dried and evaporated prior to purification by chromatography on silica gel. 

4045 Example IC 

4-((5)-2-Pyrrolidone-5-aminomethylcarbonyl)amino-2-phenvlbenzoyl methionine 

methyl ester 

To a solution of the resultant compound from Example IB (1.0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
4050 equivalents) followed by methionine methyl ester ( 1 .0 equivalent) and l-(3- 

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When 
judged complete by TLC analysis, the reaction is taken up in ethyl acetate which is 
washed with IN HCl and saturated brine, and then is dried and evaporated. The crude 
reaction mixture is purified by column chromatography to afford the title product. 

4055 

Example ID 

4-( ( yi-2-Pyrrolidone-5-aminomethylcarbonyl)amino-2-phenylbenzoy 1 methionine 

methyl ester, alternate preparation 
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in 
4060 methylene chloride is added a solution of phosgene in toluene ( 1 .0 equivalent) and 

triethylamine (2.0 equivalents). The intermediate is reacted without further purification 
with (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine (1,0 
equivalent). When judged complete by TLC analysis, the reaction is taken up in ethyl 
acetate and washed with IN HCl and brine, evaporated, and purified by 
4065 chromatography on silica gel. 
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4-(f5^'2"PvrroIidone-5-aminomethvlcarbonvl'^amino-2~phenylbenzovl methionine 
To a solution of the resultant compound from Example IC in a 3: 1 mixture of THF and 
water is added an excess of LiOH (1.5 equivalents). When hydrolysis is judged complete 
by TLC analysis, the solvent is evaporated and the remaining aqueous layer is acidified to 
pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to purification by 
chromatography on silica gel. 




Example 2 

4-( ( y)-2-FVrrolidone-5-arninomethylthiocarbonvDamino-2~phenylbenzoyl methionine 
The title compound is prepared as described in Example 1 with the exception that 
triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 




Example 3 

4-( ( S V2'Pyrrolidone-5-aniinomethylsulfinvnamino-2-phenvlbenzoy 1 methionine 

Example 3A 

4-((SV2'-PyrrolidQne-5-aminomethylsulfinynamino-2-phenylbenzoyl methionine methyl 

ester 

To a solution of 4-amino-2-pheny Ibenzoyl methionine methyl ester ( 1 .0 equivalent) in 
methylene chloride is added thionyl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fully reacted, (5)-5-aniinomethyl-2-pyrrolidone (1.0 
equivalent) is added. When the reaction is judged complete by TLC analysis, the product is 
isolated as described in Example 1 A and purified by chromatography on silica gel. 
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Example 3B 

4095 4-f(y)-2-PvrrQlidnne>_^~aminomethvlsulfinvl^arnino-2-'phenvlbenzovl methionine 

To a solution of the resultant compound from Example 3 A in a 3: 1 mixture of THF and 
water is added an excess of LiOH (L5 equivalents). When hydrolysis is judged complete 
by TLC analysis, the solvent is evaporated and the remaining aqueous layer is acidified to 
pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to purification by 

4100 chromatography on silica gel. 




Example 4 

4105 4"((SV2-Pyrrolidone-5-aminomethylsulfonvDamino-2-phenylbenzoyl methionine 

Example 4 A 

4-f(S)-2-Pvrrolidone-5--aniinomethylsulfonynamino--2--phenylbenzoyl methionine methyl 

ester 

4110 To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in 
methylene chloride is added sulfiiryl chloride (1.0 equivalent) and triethylamine (2.0 
equivalents). After the amine has fully reacted, (5)-5-aminomethyl-2-pyrrolidone (1.0 
equivalent) is added. When the reaction is judged complete by TLC analysis, the product is 
isolated as described in Example 1 A and purified by chromatography on silica gel. 

4115 

Example 4B 

4-(fSV2-Pyrrolidone-5-aminomethylsulfonyl')amino-2-phenyIbenzovl methionine methyl 

ester, alternate procedure 
A solution of 1 equivalent of 4-aniino-2-phenylbenzoyl methionine methyl ester ( 1 .0 
4120 equivalent) and sulfuryl chloride (1.0 equivalent) in acetonitrile with a catalytic amount of 
antimony (V) chloride is heated to reflux until judged complete by TLC analysis. The 
solution is then cooled, filtered, and all volatiles are removed under reduced pressure. The 
residue is taken up in dichloromethane and treated with triethylamine ( 1 equivalent and (5)- 
5-aminomethyl-2-pyrrolidone (1.0 equivalent). When the reaction is judged complete by 
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4125 TLC analysis, the product is isolated as described in Example 1 A and purified by 
chromatography on silica gel. 

Example 4C 

4-( (S V2-Pvrrolidone-5-aminomethvisulfonvnamino-2~phcnylbenzoyl methionine methyl 
4130 ester 

The resultant compound from Example 4A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



4135 




Example 5 

4"(r5^-2-Pyrrolidone-5-methylaminosulfonylV2-phenylbenzovl methionine 

Example 5A 

4140 4-ChlorosulfonvI-2-phenylbenzoic acid methyl ester 

To a solution of methyl 4-amino-2-phenyibenzoate ( 1 .0 equivalent) in concentrated HCl is 
added a solution of sodium nitrite (1.1 equivalents) until an excess of nitrous acid persists. 
The chiorodiazonium salt is poured into a solution of sulfur dioxide (10 equivalents), copper 
(H) chloride (0.5 equivalent) and KCl (1.1 equivalents) in dioxane. When TLC analysis 

4145 indicated that the reaction is complete, the mixture is diluted with water and extracted into 
benzene which is dried and evaporated to give the title sulfonyl chloride 

Example 5B 

4-ff5^-2-Pvrrolidone-5-aminomethvl^sulfonvlV2~phenylbenzoic acid methyl ester 
4150 To a solution of the resultant compound from Example 5A ( 1 .0 equivalent) in methylene 

chloride is added (i^-S-aminomethyl-l-pyrrolidone (1.0 equivalent) and triethylamine (1.0 
equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

4155 Example 5C 

4'(ry^"2-Pvrrolidone-5-aminomethvnsulfonyD-2-phenvlbenzoic acid 
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The resultant compound from Example 5B is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4160 Example 5D 

4>f(5^-2-Pvrrolidone-5-aminomethvnsulfonvD-2~phenvlbenzoYl methionine methvl ester 
To a solution of the resultant compound from Example 5C (1.0 equivalent) in (DMF) is 
added 3-hydroxy-l,2,3-ben2otriazin-4(3H)-one (1.5 equivalents) followed by methionine 
methyl ester (1.0 equivalent) and l-(3-dimethylaniinopropyl)-3-ethylcarbodiimide 

4165 hydrochloride (L5 equivalents). When judged complete by TLC analysis, the reaction is 
taken up in ethyl acetate which is washed by IN HCl and saturated brine, and then is dried 
and evaporated. The crude reaction mixture is purified by column chromatography to afford 
the title product. 

4170 Example 5E 

4-(f y)-2>Pyrrolidone-5-aminomethylcarbonynaminO"2-phenylbenzoyl methionine methyl 

ester, alternate preparation 
To a solution of 4-amino-2-phenylbenzoyi methionine methyl ester ( 1 .0 equivalent) in 
concentrated HCI is added a solution of sodium nitrite (1.1 equivalents) until an excess of 

4175 nitrous acid persists at which time the chlorodiazonium salt will be treated with gaseous 

sulfur dioxide and copper (11) chloride to give the sulfonyl chloride (0.1 equivalent). This 
intermediate is reacted with (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and 
triethylamine (1.0 equivalent) according to the procedure of Example 5B to give the title 
compound. 

4180 

Example 5F 

4-f ( y)-2-Pvrrolidone-5-aminomethvlcarbonvnamino-2-phenvlbenzovl methionine 
To a solution of the resultant compound from Example 5D (1.0 equivalent) in a 3:1 mixture 
of THE and water is added an excess of LiOH (1.5 equivalents). When hydrolysis is 
4185 judged complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer 
is acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to 
purification by chromatography on silica gel. 



4190 
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Example 6 

4-(2-pyridylnxvV2-phenvIbenzovlinethinnine 

Example 6A 

4195 4-Hvdroxv-2-phenvlbenzoic acid methvl ester 

A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous H2SO4 is 
treated with NaN02 (1.1 equivalents) until an excess of nitrous acid persists to form the 
diazonium salt. This salt is then diluted further with water and heated. The mixture is 
extracted into ethyl acetate which is dried and evaporated. The title ester is purified by 

4200 chromatography on silica gel. 

Example 6B 

4-(2-PvridvloxvV2-phenvlbenzoic acid methvl ester 
A solution of the resultant phenol from Example 6 A (1.0 equivalent) is treated with 2- 
4205 bromopyridine (1.0 equivalent) in the presence of a NaH (1.0 equivalent), or K2CO3 (2.0 
equivalents) and copper (LO equivalent) in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 

Example 6C 

4210 4-(2-Pyridyloxy)"2-phenylbenzoic acid 

A solution of the resultant ester from Example 6B ( 1 .0 equivalent) in aqueous methanol is 
treated with NaOH (2.0 equivalents) and stirred until the reaction is deemed complete by 
TLC analysis. The mixture is acidified, diluted with water, and extracted into ethyl acetate 
which is dried and evaporated. Chromatography on silica gel provides the title product. 

4215 

Example 6D 

4-(2-Pyridyloxv)-2-phenylbenzovlmethionine methyl ester 
The resultant product from Example 6C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

4220 

Example 6E 

4-f2-Pvridyloxy V2-phenylbenzovlmethionine methyl ester, alternate procedure 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in dilute 
aqueous H2SO4 is treated with NaN02 (1.1 equivalents) until an excess of nitrous acid 
4225 persists to form the diazonium salt. This salt is then diluted further with water and heated to 
form the phenol which is purified by chromatography on silica gel. A solution of this 
phenol (1.0 equivalent) is treated with 3-bromopyridine (1.0 equivalent) in the presence of a 
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NaH (1.0 equivalent), or K2CO3 (2.0 equivalents) and copper (LO equivalent) in DMF or 
pyridine. The product is isolated by removal of the solvent and chromatography on silica 
4230 gel. 

Example 6F 
4-r2-pvridvloxvV2-phenvlbenzoylmethiQnine 
The resultant compound from Example 6E is hydrolyzed according to the procedure of 
4235 Example IB to give the title compound. 




4240 Example 7 

4-(3-pvridvlmethvlenoxyV2-phenvlbenzovlmethionine 
The title compound is prepared as described in Example 6 with the exception that 2- 
bromopyridine is replaced by 3-chloromethylpyridine hydrochloride. 

4245 




MeS 



Example 8 

4'( ( 5^-2-Pvrrolidone"5-aminomethy ncarbonvloxy-2-phenvlbenzovl methionine 

4250 

Example 8A 

4-(fyi-2-Pvrrolidone-5-aminomethvncarbonvloxv-2"phenylbenzovl methionine methvl ester 
To a solution of 4-hydroxy-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) from 
Example 6E in methylene chloride is added a solution of phosgene in toluene (LO 
4255 equivalent) and p-dimethylaminopyridine (2.0 equivalents). When the reaction is judged 
complete by TLC analysis, the solvent is evaporated with toluene chasers. The 
chloroformate is reacted without further purification with (5)-5-aminomethyl-2-pyrrolidone 
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(1.0 equivalent) and triethylamine (1.0 equivalent) in dichloromethane. When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate and washed with IN HCl 
4260 and brine, evaporated, and purified by chromatography on silica gel. 

Example 8B 

4-(fyi-2-Pvrroiidone-5-aminomethvl)carbonvloxy-2~phenvlbenzovl methionine 
The resultant compound from Example 8 A is hydrolyzed according to the procedure of 
4265 Example IB to give the title product. 




4270 Example 9 

4~( ( 5^-2-Pyrrohdone-5'aminomethynthiocarbonvloxv-2-phenvlbenzovl methionine methyl 

ester 

The title compound is prepared as described in Example 8 with the exception that phosgene 
in toluene is replaced by thiophosgene. 

4275 




MeS 



Example 10 

4280 4~( f S)-2>PyrroUdone-5~aininomethvnsulfinyloxy V2-phenylbenzoyl methionine 

The title compound is prepared as described in Example 8 with the exception that phosgene 
in toluene is replaced by thionyl chloride. 
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4285 




MeS 



4290 



Example 1 1 

4-(^SV2-F^^ITolidone-5'aminomethvl)sulfonyloxyV2-phenvlbenzovl methionine 
The title compound is prepared as described in Example 8 with the exception that phosgene 
in toluene is replaced by sulfuryl chloride. 




4295 Example 12 

4-f3-PyridylmethylenthioV2-phenylbenzoyImethionine 

Example 12 A 
4-Mercapto-2-phenylbenzoic acid methyl ester 
4300 A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute aqueous 

H2SO4 is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The reaction is 
treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl acetate 
which is dried and evaporated. The title thiophenol is purified by chromatography on silica 
gel. 

4305 

Example 12B 

4-r2-PyridvImethylenthioV2-phenvlbenzoic acid methyl ester 
A solution of the resultant thiophenol (1.0 equivalent) from Example 12A is treated with 2- 
4310 chloromethylpyridine hydrochloride ( 1 .0 equivalent) in the presence of a NaH (2.0 

equivalents), or K2CO3 (3.0 equivalent)s in DMF or pyridine. The product is isolated by 
removal of the solvent and chromatography on silica gel. 
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4315 Fx ample 12C 

4-(2-Pvridvlthiomethvlen)-2-phenvlben7nic acid 
The resultant compound from Example 12B is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 



4320 



4325 



Rxample 12D 

4-(2-PyridvlthiomethylenV2-phenvlbenzoyImethionine methyl ester 
The resultant product from Example 12C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 



Example 12E 

4-(2-PyridylthiomethylenV2-phenylbenzovlmethionine methvi ester, altemate procedure 1 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in dilute 

4330 aqueous H2SO4 is treated with NaN02 (1.1 equivalents) to form the diazonium salt. The 
reaction is treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl 
acetate which is dried and evaporated to afford 2-phenyl-4-mercaptobenzoyl-methionine 
methyl ester. The thiophenol is purified by chromatography on silica gel. A solution of this 
thiophenol (1.0 equivalent) is treated with 2-chloromethylpyridine hydrochloride (1.0 

4335 equivalent) in the presence of a NaH (2.0 equivalents), or K2CO3 (3.0 equivalents) in DMF 
or pyridine. The product is isolated by removal of the solvent and chromatography on silica 
gel. 



4340 Example 12F 

4-f 2-PvridylthiomethylenV2-phenyibenzoylmcthionine methyl ester, altemate procedure 2 
Methyl 4-amino-2-phenylbenzoate (100 mmol) is mixed in 50% sulfuric acid, and is cooled 
by a ice-water bath. To the above mixture with good stirring is added slowly a cold solution 
of sodium nitrite (110 nmiol) in water, the reaction temperature is kept under 10 °C. 

4345 Powdered anhydrous sodium carbonate (100 mmol) is carefully added to the cold reaction 
mixture in small portions, until the reaction mixture reaches pH 7 to 8. Then, the reaction 
mixture is added in small portions to a solution of sodium p-methoxybenzylsulfide 
(prepared from reaction 1 10 mmol of p-methoxybenzylthiol with 55 mmol of 2.0 M NaOH 
aqueous solution). After completion of the addition, the reaction mixture is refluxed until 

4350 judged complete by TLC analysis. The reaction mixture is then extracted with ether, and the 
organic extracts are washed sequentially with aqueous sodium carbonate solution, water and 
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brine, dried with anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The 
residue is then purified by column chromatography on silica gel. The product thus obtained 
is dissolved in methanol and water , followed by addition of lithium hydroxide (200 mmol), 

4355 and the mixture is refluxed until hydrolysis is judged complete by TLC analysis. The 
reaction mixture is then acidified with 6 N HCl, and extracted into ethyl acetate. The 
organic extracts are washed with brine, dried with anhydrous sodium sulfate, and 
concentrated in vacuo. The crude product obtained is redissolved in methylene chloride, 
followed by addition of l-(3-dimethyianiinopropyl)-3-ethylcarbodiimide (1.1 equivalent) 

4360 and 1 -hydroxy benzotriazol (1.2 equivalent). The reaction is stirred until it is judged 
complete by TLC analysis, and then is diluted with ether. The mixture is washed with 
water, brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. 
The residue is then purified by column chromatography on silica gel. The resulting product 
is dissolved in trifluoroacetic acid and anisole (1.5 equivalent), and mercury diacetate (1.2 

4365 equivalent) is added. After TLC shows no starting material left, the reaction mixture is 
diluted with ether, washed with water, brine, dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The resulting crude material is purified by column 
chromatography to afford 2-phenyl-4-mercaptobenzoyl-methionine methyl ester. A solution 
of this thiophenol ( 1 .0 equivalent) is treated with 2-chloromethylpyridine hydrochloride ( 1 .0 

4370 equivalent) in the presence of a NaH (2.0 equivalents), or K2CO3 (3.0 equivalents) in DMF 
or pyridine. The product is isolated by removal of the solvent and chromatography on silica 
gel. 



Example 12G 

4375 4-(3-PvridvlthiomethylenV2-phenylbenzoylmethionine 

The resultant compound from Example 12D is hydrolyzed according to the procedure of 
Example IB to give the title product. 
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4380 




CONHMet 



Rxample 13 
4-f2-PvridylthioV2-phenvlbenzoylmethionine 



4385 



Example 13A 
4~FluorO"2~phenvl benzoic acid methyl ester 



A solution of methyl 4-amino~2-phenylbenzoate (1.0 equivalent) in dilute aqueous HBF4 is 
treated with NaN02 (1.1 equivalents) until an excess of nitrous acid persists. The mixture 
is extracted into ethyl acetate which is dried and evaporated. The title ester is purified by 
4390 chromatography on silica gel. 

Example 13B 
4-Fluoro-2~phenvl benzoic acid 
The resultant compound from Example 13 A is hydrolyzed according to the procedure of 
4395 Example 6C to give the title acid. 

Example 13C 
4-Fluoro-2-phenvl benzovl methionine methvl ester 
The resultant product from Example 13B is coupled to methionine methyl ester according to 
4400 the procedure of Example IC to give the title compound. 



A mixture of the resultant fluorobenzoate from Example 13C (1.0 equivalent) and 2- 
4405 mercaptopy ridine ( 1 .0 equivalent) is treated with K2CO3 (2.0 equivalents) or NaH ( 1 .0 
equivalent) in DMF or DMSO and is stirred until the reaction is judged complete by TLC 
analysis. The mixture is diluted with water and extracted into ethyl acetate which is dried 
and evaporated. Chromatography of the residue on silica gel affords the title compound. 

4410 Example 13E 

4-r2-PvridvlthioV2-phenvl benzovl methionine methyl ester, alternate procedure 1 
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in dilute 
aqueous H2SO4 is Ureated with NaNOi (1.1 equivalents) to form the diazonium salt. The 



Example 13D 

4-(2-PvridvlthioV2"phenyl benzovl methionine methyl ester 
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reaction is treated with Sg (10 equivalents) and heated. The mixture is extracted into ethyl 
4415 acetate which is dried and evaporated. The title thiophenol is purified by chromatography 
on silica gel. A solution of this thiophenol (1,0 equivalent) is treated with 2-bromopyridine 
hydrobromide (1.0 equivalent) in the presence of a NaH (2.0 equivalent), or K2CO3 (3.0 
equivalent)s in DMF or pyridine. The product is isolated by removal of the solvent and 
chromatography on silica gel. 

4420 

Example 13F 

4-(2-PyridylthioV2-phenv] benzovl methionine methvl ester, alternate procedure 2 
A solution of the resultant thiophenol from Example 12A (1,0 equivalent) is treated with 2- 
bromopyridine hydrobromide (1.0 equivalent) in the presence of a NaH (2.0 equivalents), 
4425 or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by removal of the 
solvent and chromatography on silica gel. The resultant ester is hydrolyzed according to the 
procedure of Example 6C and then is coupled to methionine methyl ester according to the 
procedure of Example 1 C to give the title compound. 

4430 Example 13G 

4-(2-PvridvlthioV2-phenylbenzoylmethionine 
The resultant compound from Example 1 3D is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4435 




Example 14 

4-(2-PyridylsulfonylV2-phenvlbenzoylmethionine 

4440 

Example 14A 

4-r2-PyridvlsulfonvlV2-phenvlbenzoic acid methvl ester 
A solution of 4-(2-pyridylthio)-2-phenylbenzoic acid methyl ester (Example 13F) is 
carefully treated with two equivalents of meto-chiorop)erbenzoic acid in methylene chloride at 
4445 low temperature and the reaction is then quenched with aqueous Na2S03 when judged 

complete by TLC analysis. The layers are separated and the organic phase is extracted with 
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r 

aqueous NaHCOs to remove the m-chlorobenzoic acid. The product is isolated by removal 
of the solvent and is purified by chromatography on silica gel. 

Example 14B 
4-r2-Pvridvl.<^ulfQnvn-2-phenylbenzQic acid 
The resultant compound from Example 14A is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 

Example 14C 

4-f2-pvridvlsulfonylV2-phenvlbenzoylmethionine methvl ester 
The resultant product from Example 14B is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

Example 14D 
4-r2-Pvridvlsulfonyl)-2-phenvlbenzoylmethionine 
The resultant compound from Example 14C is hydrolyzed according to the procedure of 
Example IB to give the title product. 




Example 15 

4-r3-PyridvlthiomethylenV2-phenvlbenzovlmethionine 
The title compound is prepared from the resultant product of Example 12B using the 
procedures from Example 14. 




Example 16 

4-r(2-AminopvridvDmethvlene1-2-phenylbenzovlmethionine 



-261 - 



wo 98/50030 



PCT/US98/09297 



Example 16A 

4480 2-Phenvlterephthalic acid mnnn methvl ester 

A solution of 4-bromo-2-phenylbenzoic acid methyl ester ( 1 .0 equivalent), Pd(OAc)2 (0,05 
equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65'' C under 4 atm. of carbon 
monoxide until TLC analysis indicates that the reaction is complete. The reaction mixture is 
poured into water and extracted with ethyl acetate which is dried and evaporated. The 

4485 product is purified by chromatography on silica gel. 

Example 16B 

4-f Hydroxvmethvl)-2-phenvlbenzoic acid methvl ester 
The resultant acid from Example 16A (1.0 equivalent) is treated with a slight excess of N- 
4490 methylmorpholine (1.1 equivalent) and isobutylchloroformate ( 1 .0 equivalent) in THF at 0"^ 
C. The mixture is then treated with NaBH4 ( 1 .0 equivalent) and aqueous NaHCOs and 
stirred at 0° C until the reaction is judged complete by TLC analysis. The mixture is poured 
into dilute aqueous acid and extracted into ethyl acetate which is dried and evaporated. The 
product is purified by chromatography on silica gel. 

4495 

Example 16C 
4-(HvdroxvmethvlV2-phenylbenzoic acid 
The resultant compound from Example 16B is hydrolyzed according to the procedure of 
Example 6C to give the title acid. 

4500 

Example 16D 

4-fHydroxvmethyl)-2-phenylbenzovl methionine methvl ester 
The resultant product from Example 16C is coupled to methionine methyl ester according to 
the procedure of Example IC to give the title compound. 

4505 

Example 16E 
4-formyl-2-phenylbenzoyl methionine methyl ester 
A mixture of the resultant alcohol from Example 16D (1.0 equivalent), N- 
4510 methylmorpholine-N-oxide (1.5 equivalents), molecular sieves, and a catalytic amount of 
TPAP is stirred in a CH2Cl2/acetonitrile mixture until the reaction is judged complete by 
TLC analysis. The mixture is diluted with ethyl ether and filtered through Si02. The 
product is purified by chromatography on siUca gel. 

4515 
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Py am ple 16F 

4-(formvlV2-phenvlhen7oyl methionine methvl ester, alter nate procedure 
A mixture of (2-phenyl-4-bromobenzoyl) methionine methyl ester (100 mmol), 4,4,6- 
trimethyl-2-vinyl-l,3,2-dioxaborinane (100 nunoi), tetrakis(triphenylphosphine)pailadium 

4520 (0) (3 mmol) in toluene and 2 M sodium carbonate in water (100 nxL) is heated at 80 °C until 
the starting methyl ester disappears. The resulting mixture is extracted with ether, and 
washed with water, brine, dried over anhydrous magnesium sulfate, filtered, and 
concentrated in vacuo. The residue is then purified by column chromatography on sihca 
gel To a solution of the resulting vinyl compound in dioxane/water (4/1) is added osmium 

4525 tetraoxide (0.03 equivalent), N-methylmorpholine N-oxide (3 equivalents), and the reaction 
is stirred at 25 °C until TLC analysis shows the reaction to be complete. The reaction 
mixture is extracted with ether, which is washed with water and brine, dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The residue is then purified by 
column chromatography on silica gel to afford the title product. 

4530 

Example 16G 

4-rHydroxvmethvlV2-phenvlbenzovl methionine methvl ester, alternate procedure 
To a solution of the resultant compound from Example 16E in ethanol at 0 °C is added 
4535 sodium borohydride (0.5 equivalent), and the reaction is stirred at 0 ''C until TLC analysis 
shows the reaction to be complete. The reaction mixture is extracted with ether, which is 
washed with water and brine, dried over anhydrous magnesium sulfate, filtered, and 
concentrated in vacuo. The residue is then purified by column chromatography on sihca gel 
to afford the title product. 

4540 

E?can>ple 16H 

4-r(2-Aminopvridvnmethvlene1-2-phenvlbenzoylmethionine methvl ester 
A mixture of the resultant aldehyde from Example 16E (1.0 equivalent), 2-aminopyridine 
4545 (1.0 equivalent) and NaCNBHs (1.5 equivalents) in methanol/acetic acid is stirred until the 
reaction is judged complete by TLC analysis. The mixture is poured into aqueous NaHCOs 
and extracted into ethyl acetate which is dried and evaporated. Chromatography of the 
residue on silica gel affords the titie compound. 



4550 



Example 161 

4-rf2-Aminopvridvnmethvlene1-2-phenvlbe nzovlmethionine 
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The resultant compound from Example 1 6H is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4555 




Example 17 

4560 4-[f3-aminomethvlpvridvnmethvlenel-2-phenylbenzQylmethionine 
Using the procedures of Examples 16F-G and replacing 2-aminopyridine with 3- 
aminomethylpyridine affords the title product. 



4565 




Example 18 

4-( ( y)-2"Pyrrolidone-5-aminomethylcarbonvl^aminomethvl-2-phenvlbenzovl methionine 

4570 Example 18A 

4-rAzidomethvlV2"phenylbenzoyl methionine methvl ester 
To triphenylphosphine (LO equivalent) in tetrahydrofuran (THE) at -TS"* C is added diethyl 
azodicarboxylate ( 1 .0 equivalent) in THE. To this mixture is added a solution of hydrazoic 
acid in benzene (2.0 equivalents) and then the resultant compound from Example 16D (1.0 

4575 equivalent). After one hour the mixture was warmed to room temperature, stirred until the 
reaction is judged complete by TLC analysis, evaporated and chromatographed on sihca gel 
to afford the title product. 

Example 18B 

4580 4-rAminomethylV2-phenvlbenzoyl methionine methyl ester 

To the resultant compound from Example 18A in methanol is added triethylamine (3.0 
equivalent) and propane 1,3-dithiol (3.0 equivalents). After the reaction is judged complete 
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by TLC analysis, the mixture is filtered and evaporated. Chromatography of the residue on 
silica gel provides the title product. 

4585 

Example 18C 

4-((y)'-2-Pvrrolidone-5-aminQmethvlcarbQnvnaminomethvl-2-phenvlbenzovl methionine 

methvl ester 

To a solution of the resultant compound from Example 18B (1.0 equivalent) in methylene 
4590 chloride is added triphosgene (0.33 equivalent) and triethyl amine (2.0 equivalents). This 
intermediate is reacted without further purification with (5)-5-aniinomethyl-2-pyrrolidone 
(1.0 equivalent) and triethylamine (1.0 equivalent). When judged complete by TLC 
analysis, the reaction is taken up in ethyl acetate and washed with IN HCl and brine, 
evaporated, and purified by chromatography on silica gel. 

4595 

Example 18D 

4>( ( 5^-2-Pyrrolidone-5"aminomethylcarbonvnaminomethyI-2-phenylbenzoyl methionine 
The resultant compound from Example 1 8C is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4600 




MeS 



Example 19 

4605 4-((5)-2-Pyn-olidone-5-aniinomethylthiocarbonvl)aniinomethvl"-2~phenylbenzoyl methionine 
The title compound is prepared as described in Example 18 with the exception that 
triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 



4610 
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Example 20 

4-rr51-2-Pvrrolidone-5-aminomcthvlsulfinvnarninQmethvl>2-phenvl^^ methionine 
The title compound is prepared as described in Example 1 8 with the exception that 
4615 triphosgene (0.33 equivalent) is replaced by thionyl chloride (1.0 equivalent). 




4620 Example 2 1 

4-(fyi-2-Pyrrolidone-5-aminomethylsulfonvnaminomethyl-2-phenylbenzovl methionine 
Using the Procedure of Example 4 with the resultant compound from Example 1 8B affords 
the title product, 

4625 




Example 22 

4-((yi-2'Pyrrolidone-5-aminomethyncarbonyloxymethyleneV2-phenylbenzoyl methionine 
4630 Using the procedure of Example 8 with the resultant compound from Example 16D provides 
the title product. 




Example 23 
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4-rr5^-2-Pvrrolidone-5-aiTLinnmethvl)thiocarbonvloxymethvleneV2-phen 

methionine 

Using the procedure of Example 8 with the resultant compound from Example 16D and 
replacing triphosgene (0.33 equivalent) with thiophosgene (1.0 equivalent) provides the title 
product. 



CONHMet 
Example 24 

4-(2-AminopyridvlV2-phenvlbenzovlmethionine 

Example 24A 

4-f2-AminopvridvlV2-phenylbenzovlmethionine methvl ester 



4- Amino-2-phenylbenzoyl methionine ( 1 .0 equivalent) methyl ester and 2-bromopyridine 
hydrobromide (1.0 equivalent) in pyridine are heated until the reaction is judged complete by 
TLC analysis. The solvent is evaporated and the residue is taken up in ethyl acetate which is 
washed with water and brine, dried, and evaporated. Chromatography on silica gel affords 
the title product. 

Example 24B 
4-(2-AminopvridylV2-phenvlbenzovlmethionine 
The resultant compound from Example 24A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



^ "CONHMet 
Example 25 

4-(3-AminomethylpyridvlV2"phenylbenzovlmethiQnine 

Example 25A 

4'(3-AminomethylpyridvlV2''phenylbenzovlmethionine methyl ester 
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4670 



4675 



A mixture of 3-pyridinecarboxaldehyde (1.0 equivalent), 4-amino-2-phenylbenzoyl 
methionine methyl ester ( 1 .0 equivalent) and NaCNBHs ( 1 .0 equivalent) in methanol/acetic 
acid is stirred until the reaction is judged complete by TLC analysis. The mixture is poured 
into aqueous NaHCOs and extracted into ethyl acetate which is dried and evaporated. 
Chromatography of the residue on silica gel affords the title compound. 

Rxample 25B 

4-(3-AminQmethylpyridylV2-phenvlbenzoylmethiomne 
The resultant compound from Example 25 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




CONHMet 



4680 Example 26 

4-rf4-aminomethylpyridynmethvlene1-2-phenvlbenzovlmethionine 
Using the procedures of Examples 25 with the resultant amine from Example 18B and 3 
pyridinecarboxaldehyde affords the title product. 



4685 




CONHMet 



4690 



4695 



Example 27 

4-(3-PyridyloxymethyleneV2-phenylbenzoylmethionine 

Example 27A 

4"f/?-Toluenesulfonyloxy V2-phenylbenzovlmethionine methyl ester 
The resultant compound from Example 16D (1.0 equivalent) and /?-toluenesulfonyl chloride 
(LO equivalent) in pyridine are stirred until the reaction is judged complete by TLC analysis. 
The solvent is evaporated and the residue is taken up in ethyl acetate which is washed with 
water and brine, dried, and evaporated. Chromatography on silica gel affords the title 
product. 
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Example 27B 

4700 4-G-PvridvlQxvmethvleneV2-phenvlbcnzovlmethionine methvl ester 

3-Hydroxypyridine (1.0 equivalent) is treated with sodium hydride (1.0 equivalent) in 
DMSO, then the resultant compound from Example 27 A (LO equivalent) is added. When 
judged complete by TLC analysis, the reaction is diluted with water and ethyl acetate, the 
organic layer is dried and concentrated, and the crude title compound is purified by 

4705 chromatography on silica gel. 



Example 27C 

4-(3-PvridvloxvmethvleneV2-phenvlbenzoylmethionine 
The resultant compound from Example 27B is hydrolyzed according to the procedure of 
4710 Example IB to give the tide product. 




Example 28 

4715 4-(3"Pvridylmethoxymethylene)-2-phenylbenzoylmethionine 



Example 28 A 

4-(3-PvridvlmethoxvmethyleneV2-phenvlbenzovlmethionine methvl ester 
Using the procedure of Example 27B but replacing 3-hydroxypyridine with 3- 
4720 hydroxymethylpyridine affords the title compound. 



Example 28B 

4-(3-PvridylmethoxymethyleneV2-phenvlbenzoylmethionine methvl ester, alternate 

procedure 

4725 The resultant compound from Example 16D (1.0 equivalent) is treated with sodium hydride 
(2.0 equivalents) in DMSO, then 3-chloromethylpyridine hydrochloride (1.0 equivalent) is 
added. When judged complete by TLC analysis, the reaction is diluted with water and ethyl 
acetate, the organic layer is dried and concentrated, and the crude title compound is purified 
by chromatography on silica gel. 

4730 

Example 28C 
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4735 



4740 



4-G-PvridylrnethoxymethvleneV2-phenvlbenzovlrnfithinnine methvl ester 
The resultant compound from Example 28 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



H 




CONHMet 

Example 29 

f 2-Phenvl~4-r(thiazol-2-ylamino)carbonvlthio1benzovl ) -methionine 



Example 29A 
Thiazol-2-vUsocvanate 
A solution of 2-aminothiazol (1.0 mmol), triphosgene (0.34 mmol) and triethylamine (1.0 
mmol) in toluene (10 mL) is refluxed until TLC shows no starting amine left. The solvent is 
4745 then removed in vacuo, and the resulting material is used without further purification. 

Example 29B 

{ 2-PhenvM-r(thiazQl-2-ylamino^carbonylthiolbenzoyl 1 -methionine methyl ester 
A solution of 2-phenyl-4-mercaptobenzoyl-methionine methyl ester from example 12E or 
4750 12F (LO mmol) and the isocyanate prepared in example 29 A (1.0 nrniol) in THF is refluxed 
until TLC shows no thiol left. The solvent is then evaporated in vacuo, and the residue is 
purified by column chromatography on silica gel to give the title compound. 

Example 29C 

4755 (2-Phcnyl-4-r(thiazol-2-ylamino^carbonylthio1benzoyl} -methionine methyl ester, alternate 

procedure 

To a solution of 2-phenyl-4-mercaptobenzoyl-methionine methyl ester from example 12E or 
12F (1 equivalent) in methylene chloride is added a solution of phosgene in toluene (1.0 
equivalent) and /7-dimethylaminopyridine (2.0 equivalents). When the reaction is judged 
4760 complete by TLC analysis, the solvent is evaporated with toluene chasers. The 
thiochloroformate is reacted without further purification with 2-aminothiazol ( 1 .0 
equivalent) and triethylamine (1.0 equivalent) in dichloromethane. When judged complete 
by TLC analysis, the reaction is taken up in ethyl acetate and washed with IN HCl and 
brine, evaporated, and purified by chromatography on silica gel. 

4765 
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4770 



Example 29D 

f 2-Phenvl-4-[rthia7nl-2-vlaminQkarbonvlthio1henzQvl I -methionine 
The resultant compound from Example 29B is hydrolyzed according to the procedure of 
Example IB to give the title product. 




CONHMet 



Example 30 

4775 f 2-Phenvl-4-r( thien-2~vlmethylamino)carbonylthio1benzovl l-methionine 

Using the procedure of Example 29 but replacing 2-aminothiazol with thien-2- 
ylmethylamine affords the title product. 




4780 CONHMet 

Example 3 1 

( 2>Phenyl-4-r(thiazol-2-ylamino)thionylthio1benzoyl ) -methionine 

Example 31 A 

4785 (N-Thionynthiazol~2-vlamine 

A solution of 2-aniinothiazol (1.0 mmol), in thionyl chloride is heated at reflux until the 
reaction is judged to be complete by TLC analysis. Then, the excess thionylchloride is 
distilled out in vacuo. The resulting material is used without further purification. 

4790 Example 3 IB 

( 2-Phenvl-4-r(thiazol-2~ylamino^thionylthio1benzovl l-methionine methyl ester 
Using the procedure of Example 29B but replacing the resultant product from Example 29 A 
with the resultant product from Example 3 1 A affords the title compound. 

4795 Example 31C 

f 2-Phenyl-4-r(thiazol-2-vlamino^thionylthio1benzoyl}-methionine methyl ester, alternate 

procedure 
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Using the procedure of Example 29C but replacing phosgene in toluene with thionyl 
chloride affords the title compound. 



4800 



Rxample 3 ID 

( 2-Phenvl-4-r (thiazQl-2-vlamino)thionvlthiolbenzoyl } -methionine 



The resultant compound from Example 3 IB is hydrolyzed according to the procedure of 
Example IB to give the title product. 

4805 



4815 CONHMet 

Example 33 

{ 2-PhenvM-r(thiazol-2-vlamino^sulfonylthio1benzoyl } -methionine methyl ester 
Using the procedure of Example 3 1 but replacing thionyl chloride with sulfuryl chloride 
affords the title product. 

4820 



Example 34 

{2-Phenvl-4-rfthien-2-ylmethylamino')sulfonylthiQlbenzovll -methionine 
Using the procedure of Example 3 1 but replacing 2-aminothiazol with thien-2- 
4825 ylmethylamine and replacing thionyl chloride with sulfuryl chloride affords the title product. 




4810 



Example 32 

{ 2-Phenvl-4-r(thien-2-ylmethylaminoHhionvlthio1benzovn -methionine 
Using the procedure of Example 3 1 but replacing 2-aniinothiazol with thien-2- 
ylmethylamine affords the title product. 
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Example 35 



{2-Phenyl-4-r(thiazol-2-ylamino')thiocarbonvlthiolbenzovlKmethionine 



Using the procedure of Example 29 and replacing triphosgene (0.34 mmol) or a solution of 
phosgene in toluene (1.0 equivalent) with thiophosgene (LO mmol) affords the title product. 



CONHMet 
Example 36 

{ 2-Phenyl-4-f (thien-2-ylmethvlamino)thiocarbonylthio1benzoy 1 ) -methionine 
Using the procedure of Example 29 and replacing triphosgene (0.34 nmiol) or a 
solution of phosgene in toluene (1.0 equivalent) with thiophosgene (1.0 mmol) and 
replacing 2-aminothiazol with thien-2-ylmethylamine affords the title product. 



CONHMet 

Example 37 

1 2-Phenyl-4-r(thiazol-2-ynthiomethvl1benzoyl } -methionine 

Example 37A 

f2-Phenvl-4-[thiomethyl1benzovll -methionine methvl ester 



The resultant product from Example 27 A is dissolved DMF/water (2/1), and sodium 
hydrosulfide (5 equivalent) is added to the reaction mixture. The reaction is stirred until 
TLC analysis shows that the reaction is complete. Then, the reaction mixture is acidified 
with 3 N HCl to about pH 4, extracted with ether, and washed with water and brine, dried 
over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is 
purified with column chromatography on silica gel to give the title compound. 

Example 37B 

{2-Phenvl-4-rthiQmethvl1benzoyl} -methionine methyl ester, altemate procedure 
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To triphenylphosphine (1.2 equivalents) in THF at -78 °C is added diethylazodicarboxylate 
(1.2 equivalents) in THF. After 10 min thiolacetic acid (1.3 equivalents) in THF is added 
followed by the resultant compound from Example 1 6D ( 1 . equivalent) in THF. The 
4860 reaction is stirred at -78 °C for 1 h and then at ambient temperature until it is judged to be 
complete by TLC analysis. The mixture is evaporated and the residue is taken up in 
methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 
complete by TLC analysis, the solvent is evaporated and the residue is chromatographed on 
silica gel to afford the title product. 



A mixture of the resultant thiol from Example 37A (1 mmol), 2-bromothiazole (1.5 mmol). 
and anhydrous potassium carbonate (5 mmol) in DMF is stirred at 100 °C until TLC analysis 
4870 shows that the starting thiol disappeared. Then, the reaction mixture is diluted with water, 
extracted with ether, and washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue is purified by column 
chromatography on silica gel to give the title compound. 

4875 { 2-Phenvl"4-r(thiazol-2-vnthiomethvllben2ovl t -methionine 

The resultant compound from Example 37C is hydrolyzed according to the procedure of 
Example IB to give the title product. 



4g80 ^ CONHMet 

Example 38 

{ 2-Phenvl-4-r(thien-2-ylmethvnthiomethvllbenzovn -methionine 
Using the procedure of Example 37 and replacing 2-bromothiazole with 2- 
bromomethylthiophene affords the title product. 

4885 



4865 



Example 37C 

{ 2-Phenvl-4-r(thiazol-2-vnthiomethvnbenzoyl i -methionine methvl ester 





Example 39 
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f 2-Phenvl-4-r(thiazo]-2-vlamino)carbonvlthiomethv]]hen70vn-methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A affords 
the title product. 




Example 40 

( 2-Phenvl-4-f (thiazol-2-ylaminQlcarbonvlthiomethyl]benzovi t -methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A and 
replacing 2-aminothiazoI with thien-2-ylmethylamine affords the title product. 




Example 41 

( 2--Phenyl-4''r(thia2ol-2-viaminoHhiocarbonylthiomethynbenzovl I -methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A and 
replacing triphosgene (0.34 nmiol) or a solution of phosgene in toluene (1.0 equivalent) 
with thiophosgene (1.0 mmol) affords the title product. 




Example 42 

f2"Phenyl-4-[(thiazol-2-ylaniino)thiocarbonylthiomethyl1benzovn-methionine 
Using the procedure of Example 29 with the resultant product from Example 37 A, replacing 
triphosgene (0.34 nmiol) or a solution of phosgene in toluene (1.0 equivalent) with 
thiophosgene (LO nunol), and replacing 2-aminothiazol with thien-2-yimethylamine affords 
the title product. 
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Example 43 

4920 (2-Phenyl-4-[rthiazol-2"ylaminoHhionvlthiomethvllbenzovn-me 

Using the procedure of Example 3 1 with the resultant product from Example 37A affords 
the title product. 




4925 ^ CONHMet 

Example 44 

(2-Phenyl-4-rrthien-2-ylmethylarmno)thionyItMomethyl1benzovn methionine 
Using the procedure of Example 3 1 with the resultant product from Example 37 A and 
replacing 2-aminothiazol with thien-2-ylmethylamine affords the title product. 

4930 



4935 



o 
II 

H O 




CONHMet 
Example 45 

{ 2-Pheny 1-4'f (thiazol-2-vlamino)sulfonylthiomethyl"|benzoyl } -methionine 
Using the procedure of Example 3 1 with the resultant product from Example 37 A and 
replacing thionyl chloride with sulfuryl chloride affords the title product, affords the title 
product. 



4940 




Example 46 

{2-Phenyl-4-rrthien-2-ylmethylamino)sulfonylthiomethvl1benzoyn -methionine 
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Using the procedure of Example 3 1 with the resultant product from Example 37 A, replacing 
thionyl chloride with sulfuryl chloride, and replacing 2-aminothiazol with thien-2- 
4945 ylmethylamine affords the title product. 



A mixture of (2-phenyl-4-bromobenzoyl)-methionine methyl ester (100 mmol), 
4955 diethylamine (300 mmol), trimethylsilylacetylene ( 1 10 mmol), bis(triphenylphosphine) 
palladium diacetate (5 mmol) and copper(I) iodide (3 mmol) in toluene is heated at 60 °C 
until TLC analysis indicates the starting methyl ester has disappeared. The reaction mixture 
is concentrated in vacuo, redissolved in ether, filtered through silica gel, and concentrated. 
The residue is then dissolved in THF, and is treated with tetrabutylammonium fluoride (120 
4960 mmol). After TLC analysis indicates that no starting material is left, the reaction mixture is 
diluted with ether, washed with water and brine, dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue is then purified with column 
chromatography on silica gel to give the title product. 

4965 Example 47B 



The resultant product from Example 47 A (5 mmol) is mixed with 4-bromoimidazole (5 
mmol), diethylamine (1 mL), bis(triphenylphosphine) palladium diacetate (0.1 mmol) and 
copper(I) iodide (0. 1 mmol) in toluene. The mixture is stirred at 25 °C until TLC analysis 
4970 indicates the reaction is complete. The reaction mixture is concentrated in vacuo, and the 
residue is purified with column chromatography on silica gel to give the title product. 




4950 



Example 47 

f 4-r2-(Imidazol-2-ynethvnvn-2-phenylbenzovl Imethionine 



Example 47A 
f4-Ethvnvl-2-phenylbenzovnmethionine methyl ester 



f 4- r2-(Imidazol-2-vl)ethynylV2-phenvlbenzoyl} -methionine methyl ester 



4975 



Example 47C 

{ 4-r2-f Imidazol-2-y nethynyn-2"phenylben20vl ) -methionine 
The resultant compound from Example 47B is hydrolyzed according to the 
procedure of Example IB to give the title product. 
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4980 Example 48 

1 4-r2-(Imidazol-4-ynethenvll-2"phenvlbenzovl ] -methionine 
The resultant acetylene (3 mmol) from Example 47 is mixed with Lindlar catalyst (50 mg), 5 
drops of quinoline in ethyl acetate. The reaction mixture is attached to a hydrogenation 
apparatus, and then is detached from the apparatus after about 95% of the theoretical 

4985 hydrogen has been absorbed. The reaction mixture is filtered and concentrated in vacuo. 
The crude product is purified with a column chromatography on silica gel to give the title 
compound. 



4990 




Example 49 

{ 4-r2-f Imidazol-4-yDethyll-2"phenvlbenzovl \ -methionine 
The resultant olefin (1 mmol) from Example 48 is mixed with 5% palladium on carbon,(100 
mg) in ethyl acetate. The reaction mixture is attached to a hydrogenation apparatus, and then 
4995 is detached from the apparatus after about 95% of the theoretical hydrogen has been 

absorbed. The reaction mixture is filtered and concentrated in vacuo. The crude product is 
purified with a column chromatography on silica gel to give the title compound. 



5000 




Example 50 

1 4-r2-f Imidazol-4-y lcarbonyl)ethvnvn-2-phenylbenzovl 1 -methionine 

Example 5QA 

(4-r2-(Iniidazol-4-ylcarbonvDethynyl]-2-phenylbenzoyH -methionine methyl ester 
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A stainless autoclave containing the resultant product from Example 47 A (5 mmol), 4- 
bromoimidazole (5 mmol), l,r-bis(diphenylphosphine)-ferrocenepailadium dichioride (0.1 
mmol), and triethylamine (10 mL) is flushed with nitrogen, and pressurized to 20 atm with 
carbon monoxide. The reaction mixture is stirred at 120 °C until judged complete by TLC 
analysis. After cooling, the triethylamine is evaporated in vacuo, and the residue is purified 
by column chromatography on siUca gel to give the title compound. 

Example SOB 

M-r2-fImidazol-4>vlcarbonvnethvnvl1-2"phenylbenzovl I -methionine 
The resultant compound from Example 50A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



^ CONHMet 
Example 5 1 

( 4- f2-fImidazol-4-ylcarbonynethenyll-2-phenylbenzoyl I -methionine 
Using the procedure of Example 48 with the resultant compound from Example 50 affords 
the title product. 



Example 52 

( 4-r2~(Imida2ol-4-y lcarbonynethvll-2-phenvlbenzovl I -methionine 
Using the procedure of Example 49 with the resultant compound from Example 5 1 affords 
the title product. 





CONHMet 




CONHMet 



Example 53 
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f4-f4-n-Methvlimidazol-4-vlV3-keto-l-butvnvn-2>phenvlhenzovnmethiom 



5035 



Example 53 A 

{ 4-r4-r 1 -MethvlimidazoI-4-y lV3-keto- 1 'butvnvn-2-phenylhenzoyl } -methionine methyl 

ester 

To a solution of l-methyl-4-imidazoleacetic acid (5 mmol) in methylene chloride at 0 °C is 
5040 added oxaiyl chloride (6 mmol) and DMF (0.05 mmol). After 30 minute, the solvent is 
evaporated in vacuo. The residue is redissolved in dichloromethane, followed by the 
addition of the resultant acetylene from Example 47 A (5 nunol), triethylamine (10 nunol), 
and copper(I) iodide (1 mmol). The reaction is stirred at 25 "^C until TLC analysis indicates 
no starting material is left in the reaction mixture. The reaction is diluted with ether, washed 
5045 with water and brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in 
vacuo. The residue is then purified by column chromatography on silica gel to give the title 
compound. 



Example 54 

{ 4-r4-( 1 -Methvhmidazol-4-vl V3-keto- 1 'butenvn-2-phenylbenzoy 1 \ -methionine 
Using the procedure of Example 48 with the resultant compound from Example 53 affords 
the title product. 

5060 



5050 



Example 53B 

1 4'f4-( 1 -Methvlimidazol-4-vlV3-ketO' l-butynvll-2-phenvlbenzovl ) -methionine 
The resultant compound from Example 53A is hydrolyzed according to the procedure of 
Example IB to give the tide product. 



5055 



MeN 




^ CONHMet 

Example 55 

( 4-r4-( 1 -Methylimidazol-4-ylV3'keto- 1 'butvll-2-phenvlbenzovl } -methionine 



MeN 
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5065 Using the procedure of Example 49 with the resultant compound from Example 53 affords 
the title product. 




5070 Example 56 

(S) Pyroglutamvl-(4-amino-2'phenvl)benzoyl methionine 



Example 56A 

(S) Pvroglutamvl-(4-amino-2-phenvnbenzoyl methionine methvl ester 
5075 To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester ( 1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by pyroglutamic acid (1.0 equivalent) and l-(3- 
dimehtylaminopropyl)-3-ethylcarbodiiniide hydrochloride (1.5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
5080 HCl and saturated brine, and then is dried and evaporated. The crade reaction mixture is 
purified by column chromatography to afford the title product. 



5085 



Example 56B 

(S) Pyroglutamvl>(4-amino-2-phenynbenzovl methionine 
The resultant compound from Example 56 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 




5090 



MeS 



Example 57 

(S) Pvroglutamyl-f4-amino-2-phen ynbenzoyl methionine 
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5095 



Using the procedure of Example 56 and replacing pyroglutamic acid with 3-pyridylacetic 
acid affords the title product. 




MeS 



Example 58 

(S) Pvroglutamvl-(4-aminomethvl-2-phenynbenzovl methionine 

5100 Example 58A 

( S) Pyroglutamvl-f 4-aminomethyl-2-phenvl)benzoyl methionine methyl ester 
To a solution of the resultant amine from Example 1 8B ( 1 .0 equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-l,2,3-benzotriazin-4(3H)-one (1.5 
equivalents) followed by pyroglutamic acid (1.0 equivalent) and 1~(3- 

5 105 dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride ( L5 equivalents). When judged 
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 

5110 Example 58B 

(S) Pyroglutamvl-(4-aminomethyl-2-phenvnbenzovl methionine 
The resultant compound from Example 58 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 



5115 




MeS 



Example 59 

naming mo r(S) Pyroglutamyl-(4-aminomethyl-2-phenynbenzoyl methionine 
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Using the procedure of Example 58 and replacing pyroglutamic acid with 3-pyridylacetic 
5120 acid affords the title product. 




Example 60 

5125 4-rrPvridin-2-ylamino'lcarbonvn-2"phenvlbenzovl methionine 

Example 60A 
4-Carboxv-2-phenyIbenzovl methionine methyl ester 
A solution of 4-bromo-2-phenylbenzoyl methionine methyl ester (1.0 equivalent), Pd(OAc)2 
5130 (0.05 equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65° C under 4 atm. of 
carbon monoxide until TLC anfdysis indicates that the reaction is complete. The reaction 
mixture is poured into water and extracted with ethyl acetate which is dried and evaporated. 
The product is purified by chromatography on silica gel. 



5135 Example 60B 

4-r(Pvridin-2"Vlamino'>carbonyl]-2-phenylbenzovl methionine methvl ester 
To a solution of the resultant acid from Example 60A (1.0 equivalent) in DMF is added 3- 
hydroxy- l,2,3-benzotriazin-4(3H)-one (1.5 equivalents) followed by 2-aminopyridine (1.0 
equivalent) and l-(3-dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 

5140 equivalents). When judged complete by TLC analysis, the reaction is taken up in ethyl 

acetate which is washed by IN HCl and saturated brine, and then is dried and evaporated. 
The crude reaction mixture is purified by column chromatography to afford the title product. 



Example 60C 

5145 4-KPyridin-2-ylamino)carbonvll-2-phenylben2oyl methionine 

The resultant compound from Example 60B is hydrolyzed according to the procedure of 
Example IB to give the title product. 
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5150 




Example 6 1 

4-(r5^-2-PviTQlidone-5-aminomethvl')carbonyn-2-phenvlbenzoyl methionine 
Using the procedure of Example 60 and replacing 2-aminopyridine with (5)-5-aminomethyl- 
2-pyrrolidone affords the title product. 

5155 




MeS 

Example 62 

4-|TPyridin-2-ylamino)carbonylmethvn-2-phenylbenzoyl methionine 

5160 

Example 62A 

4-Diazocarbonyl-2-phenylbenzoyl methionine methyl ester 
The resultant acid from Example 60A ( 1 equivalent) in dichloromethane is treated with 
oxalyl chloride (1 equivalent) and DMF (0.05 equivalent). When gas evolution has ceased, 
5165 the acid chloride solution is added to an ether solution of diazomethane. The reaction is 

stirred until judged complete by TLC analysis, and then is concentrated to give the crude title 
compound which is purified by chromatography on silica gel. 

Example 62B 

5170 4>carboxvmethvl-2-phen ylbenzovl methionine methvl ester 

The resultant compound from Example 62 A ( 1 equivalent) in dioxane is added to a slurry of 
sodium thiosulf ate (1.1 equivalents) and silver (I) oxide (0.5 equivalent) in water. The 
reaction is stirred until judged complete by TLC analysis, filtered, acidified, and extracted 
into ethyl acetate which is dried and evaporated. Chromatography of the residue on silica 

5175 gel affords the tide product. 

Example 62C 
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4-rfPvridin-2--vlamino^carhonvlmethvll-2-phcnvlberi7.nyl methionine methvl ester 
To a solution of the resultant acid from Example 62B ( 1 .0 equivalent) in dimethylformamide 

5180 (DMF) is added 3-hydroxy-l,2,3-benzotria2in-4(3H)-one (1.5 equivalents) followed by 2- 
aminopyridine (1.0 equivalent) and l-(3-dimehtylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (1.5 equivalents). When judged complete by TLC analysis, the reaction is 
taken up in ethyl acetate which is washed with IN HCl and saturated brine, and then is dried 
and evaporated. The crude reaction mixture is purified by column chromatography to afford 

5185 the title product. 



Example 62D 

4-f(Pvridin-2-vlamino)carbonvlmethvIl-2-phenvlbenzovl methionine 
The resultant compound from Example 62C is hydroiyzed according to the procedure of 
5190 Example IB to give the title product. 




MeS 



Example 63 

5195 4-f(51-2-PvrrolidQne-5-aminomethyncarbonvlmethylV2-phenylbenzoyl methionine 

* 

Using the procedure of Example 62 and replacing 2-aminopyridine with (5)«5-aminomethy 1 
2-pyrrolidone affords the title product. 




5200 

Example 64 

4-(fy)-2-Pyrroli done-5-methoxvcarbonyDamino-2-phenvlbenzoyl methionine 
The title compound is prepared as described in Example 1 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5205 pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 
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Example 65 

5210 4-( ( 5^-2"PvrrQlidone-5-methoxy thiocarbonvnamino-2-phenylbenzoyl methionine 

The title compound is prepared as described in Example 1 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrroiidone (1.0 equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent). 

5215 



5220 




MeS 



Example 66 

4-(ry>'2-Pyrrolidone-5-methoxysulfmynamino~2~phenylbenzoyl methionine 
The title compound is prepared as described in Example 3 with the exception that (5)-5 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 



5225 




Example 67 

4-((5^-2-Pvrrolidone-5-methoxysulfonyl)amino-2-phenvlbenzoyl methionine 
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The title compound is prepared as described in Example 4 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5230 pyrrolidone ( 1 .0 equivalent) and CuCl (0. 1 equivalent). 




MeS 



Example 68 

5235 4-(Pvridin-3-ylmercaptocarbonyDamino-2-phenylbenzovl methionine 

The title compound is prepared as described in Example 1 with the exception that (5)-5- 
aniinomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by 3-mercaptopyridine ( 1 .0 
equivalent). 

5240 




MeS 

Example 69 

4"rPyridin-3-ylmercaptothiocarbonvnamino-2-phenvlbenzoyl methionine 
The title compound is prepared as described in Example 1 with the exception that (5)-5- 
5245 aminomethy 1-2-pyrrolidone ( 1 .0 equivalent) is replaced by 3-mercaptopyridine ( 1 .0 

equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 




5250 Example 70 

4-fPyridin-3-vlmercaptosulfmyl^amino~2-phenylbenzovl methionine 
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5255 



The title compound is prepared as described in Example 3 with the exception that (S)-5' 
aminomethyl-2-pyrrohdone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 



5260 




OH 



MeS 



Example 7 1 

4-rPvridin-3-vlmercaptosulfQnynamino-2-phenylbenzovl methionine 
The title compound is prepared as described in Example 4 with the exception that (S)-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 




5265 MeS 



Example 72 

4-f(5)-2-Pyrrolidone-5-methoxycarbonyl^aminomethyl-2-phenvlben20vl methionine 
The title compound is prepared as described in Example 18 with the exception that (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
5270 pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 



5275 




MeS 



Example 73 

4-((yi-2-Pyrrolidone-5-methoxythiocarbonvl)aminomethyl-2-phenylbenzovl methionine 
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The title compound is prepared as described in Example 18 with the exception that (S)-5- 
aniinomethyl-2-pyrrolidone (1.0 equivalent) is replaced by (5)-5-hydroxymethyl-2- 
pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent). 

5280 




MeS 



Example 74 

4>(r.y>-2>Pvrrolidone-5-methoxvsulfinyl^aminomethyl-2-phenylbenzoyl methionine 
5285 The title compound is prepared as described in Example 3 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
replaced by (5)-5-hydroxymethyl-2-pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 




5290 MeS 



Example 75 

4-((y)"2-Pyrrolidone-5-methoxysulfonvnaminomethyl-2'phenylbenzoyl methionine 
The title compound is prepared as described in Example 4 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
5295 replaced by (5)-5-hydroxymethyl-2-pyrrolidone (1.0 equivalent) and CuCl (0.1 equivalent). 




Example 76 
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5300 4--rPvridin-3-vlmercaptnrarhnnvna rrdnomethvl-2-phenvlhAn7nY] methionine 

The title compound is prepared as described in Example 18 with the exception that (5^-5- 
aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent). 



5305 



5310 




MeS 



Example 77 

4-rPyridin-3-vlmercaptocarbonvl)aminomethvl-2-phenvlbenzovl me thionine 
The dtle compound is prepared as described in Example 18 with the exception that (5)-5- 
aniinomethyl-2-pyrrolidone (1.0 equivalent) is replaced by 3-mercaptopyridine (1.0 
equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 



5315 




MeS 



Example 78 

4-rPvridin>3-ylmercaptosulfmvnaminomethvl-2-phenvlbe nzovl methionine 
The title compound is prepared as described in Example 3 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
replaced by 3-mercaptopyridine (1.0 equivalent). 



5320 




MeS 



Example 79 
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4-fPvridin-3-ylmercaptosii]fonvDa minomethvl-2-phfi nvlbenzovl methionine 
5325 The title compound is prepared as described in Example 4 using the resultant amine from 
Example 18B with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is 
replaced by 3-mercaptopyridine (1.0 equivalent). 



5330 Example 80 

A-NH-CQ-NH>B 

The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 

5335 derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 

5340 butyl, isobutyl, isoamyl, hexyl, qctyl, cyclohexyl or phenethyl esters. 



Example 8 1 
A>NH-CS-NH-B 

5345 The procedure of Example 1 is used with the exception that triphosgene (0.33 equivalent) is 
replaced by thiophosgene (1.0 equivalent), 4-amino-2-phenylbenzoyl methionine methyl 
ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5-aminomethyl-2-pyrrolidone 
is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 

5350 the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5355 

Example 82 
A-NH-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
5360 methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
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aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5365 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



5370 Example 83 

A-NH-SO2-NH-B 
The procedure of Example 4 is used with the exception that 4-amino-2- 
phenylbenzoyl methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 
(5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2)- For 
5375 products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 

hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5380 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 84 

5385 A-NH-SO2-B 

The procedure of Example 5 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 

5390 the ester on the fragment of the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5395 

Example 85 
A-NH-CO-O-B 
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The anilines from Table 1 (B-NH2) are reacted according to the procedure of Example 6E. 
The resultant phenols are reacted according to the procedure of Example 8 with the 
5400 exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 ( A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 
amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5405 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 86 

5410 A>NH-CS-0-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedure of 
Example 6E. The resultant phenols are reacted according to the procedure of Example 8 
with the exception that phosgene in toluene is replaced by thiophosgene and (S)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 

5415 derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 

5420 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 87 
A-NH^SO-O-B 

5425 The anilines from Table 1 (B-NH2) are reacted according to the procedure of Example 6E. 
The resultant phenols are reacted according to the procedure of Example 8 with the 
exception that phosgene in toluene is replaced by thionyl chloride and (5)-5-aniinomethyl-2- 
pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 

5430 the fragment of the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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5435 

Example 88 
A-NH-SO2-O-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedure of 
5440 Example 6E. The resultant phenols are reacted according to the procedure of Example 8 
with the exception that phosgene in toluene is replaced by sulfuryl chloride and (5)-5- 
aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
5445 This example also encompasses compounds comprising a C-terminal ester moiety, 

in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5450 

Example 89 
A-NH-CH2'B 

The procedure of Example 16 is used with the exception that (2-phenyl-4-bromobenzoyl)- 
methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 2-aminopyridine 
5455 is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5460 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 90 

5465 A-NH-CO-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of 
Example 16F-G. The resultant alcohols are reacted according to the procedure of Example 
18 with the exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from 
Table 3 (A-NH2). For products derived from amines 146-206 from Table 3, the final LiOH 

5470 hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206, 
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This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
5475 butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 9 1 
A-NH-CS-NH-CH2-B 

5480 The bromides from Table 2 (B-Br) are reacted according to the procedures of Example i6F- 

The resultant alcohols are reacted according to the procedure of Example 18 with the 
exception that triphosgene (0.33 equivalent) is replaced by thiophosgene ( 1 .0 equivalent) 
and (5)-5-aminomethyI-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 

5485 hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
5490 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 92 
A-NH^SO-NH-Cll2-S 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
5495 G. The resultant alcohols are reacted according to the procedure of Example 18 with the 

exception that triphosgene (0.33 equivalent) is replaced by thionyl chloride (1.0 equivalent) 
and (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
5500 2 06. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5505 

Example 93 
A-NH-S02-NH-CH2-B 
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The bromides from Table 2 (B-Br) are reacted according to tiie procedures of Example 1 6F- 
5510 G. The resultant alcohols are reacted according to the procedure of Example 18 with the 

exception that triphosgene (0.33 equivalent) is replaced by sulfuryl chloride (1.0 equivalent) 
and (50-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
5515 206. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5520 



Example 94 
A-NH-C0-0-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
5525 G. The resultant alcohols are reacted according to the procedure of Example 8 with the 

exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 ( A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 
amines 146-206. 

5530 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5535 Example 95 

A-NH-CS-O-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 8 with the 
exception that phosgene in toluene is replaced by thiophosgene and (5)-5-aminomethyl-2- 
5540 pyrrolidone is replaced by an amine from Table 3 (A-NH2)- For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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5545 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 96 
A^NH-CO-S-B 

5550 The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
the procedure of Example 1 2E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that 2-aminothiazoi is replaced by an amine from Table 3 ( A- 
NH2). For products derived from amines 146-206 from Table 3, the final LiOH hydrolysis 
step also hydrolyzes the ester on the fragment of the final compound that is derived from 

5555 amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5560 

Example 97 
A-NH-CS-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 

5565 the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that phosgene in toluene is replaced by thiophosgene and 2- 
aminothiazol is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 

5570 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5575 

Example 98 
A-NH-SO-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 

the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
5580 Example 29 with the exception that phosgene in toluene is replaced by thionyl chloride and 
2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products derived from 
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amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5585 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5590 Example 99 

A-NH-SO2-S-B 

The anilines Table 1 (B-NH2) are converted into the corresponding mercaptans according to 
the procedure of Example 12E. These mercaptans are reacted according to the procedure of 
Example 29 with the exception that phosgene in toluene is replaced by sulfuryl chloride and 

5595 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 

5600 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 100 

5605 A-NH-CO-S-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A, These mercaptans are reacted according to the 
procedure of Example 29 with the exception that 2-aminothiazol is replaced by an amine 
5610 from Table 3 (A-NH2). For products derived from amines 146-206 from Table 3, the final 
LiOH hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5615 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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Rxam ple 101 

5620 A-NH-r:S-S-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 21 A and 37 A. These mercaptans are reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by 

5625 thiophosgene and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For 

products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5630 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 102 

5635 A-NH-SO-S-CH2-R 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A. These mercaptans are reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by thionyl 

5640 chloride and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 

5645 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 103 

5650 A-NH-SQ2^S>CH2-R 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding mercaptans according to the 
procedures of Examples 27 A and 37 A. These mercaptans are reacted according to the 
procedure of Example 29 with the exception that phosgene in toluene is replaced by sulfuryl 

5655 chloride and 2-aminothiazol is replaced by an amine from Table 3 (A-NH2). For products 
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derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 

example also encompasses compounds comprising a C-terminal ester moiety, in 
which case the final LiOH step is eliminated and the amino acid methyl esters used to 
5660 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 104 

5665 A-CO-NH-B 

The procedure of Example 56 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and pyroglutamic 
acid is replaced by an acid from Table 4 (A-CO2H). For products derived from acids 164- 
238 and 262-269 from Table 4, the LiOH hydrolysis step is followed by removal of the tert- 

5670 butyloxycarbonyl (Hoc) aniine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5675 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5680 Example 105 

A-CO-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are converted to the corresponding amines according to the 
procedures of Examples 18A-B. These amines are reacted according to the procedure of 

5685 Example 58 with the exception that pyroglutamic acid is replaced by an acid from Table 4 

(A-CO2H). For products derived from acids 164-238 and 262-269 from Table 4, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) aniine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
dichloromethane and trifiuoroacetic acid until TLC analysis indicates that the reaction is 

5690 complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 
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This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
5695 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Fxample 106 
A-CO-C^-B 

5700 The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 47 A. 
The resultant acetylenes are reacted according to the procedure of Example 53 with the 
exception that 1 -methy l-4-imida2oleacetic acid is replaced by an acid from Table 4 ( A- 
CO2H). For products derived from acids 164-238 and 262-269 from Table 4, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 

5705 group by stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5710 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5715 Example 107 

A-CO-CH=CH-B 

The products from Example 106 are reacted according to the procedure of Example 54. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
5720 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 108 

5725 A-CO-CH2>CH2-B 

The products from Example 107 are reacted according to the procedure of Example 55. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
5730 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 109 
A-NH-CO-B 

5735 The procedure of Example 60 is used with the exception that 4-bromo-2-phenylbenzoyl 

methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 2-aminopyridine 
is replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

5740 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5745 

Example 11 0 
A-NH-CO-CHo'B 

The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 60A. 
The resultant carbocyclic acids are reacted according to the procedure of Example 62 with 
5750 the exception that 2-aminopyridine is replaced by an amine from Table 3 (A-NH2). For 
products derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also 
hydrolyzes the ester on the fragment of the final compound that is derived from amines 146- 
206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
5755 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5760 Example 1 1 1 

A-CH^-NH-B 

The procedure of Example 25 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an amine from Table 1 (B-NH2) and 3- 
pyridinecarboxaldehyde is replaced by an aldehyde from Table 5 (A-CHO). For products 
5765 derived from aldehydes 360-432 and 433-440 from Table 5, the LiOH hydrolysis step is 
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followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of dichioromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
5770 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

5775 

Example 112 
A-CH^-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of 
Example 16F-G. The resultant alcohols are converted to the corresponding amines 

5780 according to the procedures of Examples I8A-B. These amines are reacted according to the 
procedure of Example 25 with the exception that 3-pyridinecarboxaldehyde is replaced by an 
aldehyde from Table 5 (A-CHO). For products derived from aldehydes 360-432 and 433- 
440 from Table 5, the LiOH hydrolysis step is followed by removal of the tert- 
butyioxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 

5785 LiOH hydrolysis step in a 1 : 1 mixture of dichioromethane and trifluoroacetic acid undl TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 

5790 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyU isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 




5795 Example 113 

4-f ( yi-2-Pvrrolidone-5-aminQmethvDsulfonvlmethylV2-phenvlbenzoy 1 methionine 
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Fvample 113A 

4-Thioacetoxvmp th YU2-phenvlbenzoic acid methvl ester 
5800 To triphenylphosphine (1.2 equivalents) in THF at -78 °C is added diethylazodicarboxylate 
(1.2 equivalents) in THF. After 10 min thiolacetic acid (1.3 equivalents) in THF is added 
followed by the resultant compound from Example 16B (1. equivalent) in THF. The 
reaction is stirred at -78 °C for 1 h and then at ambient temperature until it is judged to be 
completely TLC analysis. The mixture is evaporated and the residue is taken up in 
5805 methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 

complete by TLC analysis, the solvent is evaporated and the residue is chromatographed on 
silica gel to afford the tide product. 

Rxamplc 1 1 3B 

5810 4-ChlQrosulfonvlmethvlene-2-Dhenvlbenzoic acid methvl ester 

The resultant compound from Example 1 13A in water is stirred vigorously while gaseous 
chlorine is bubbled through the mixture. When the reaction is judged to be done by TLC 
analysis, the reaction is extracted with dichloromethane which is dried and evaporated to 
afford the tide product. 

5815 

Example 1 1 3C 

4-(ry^-2-Pvrrolidone-5-aminomethvnsulfonvlme thvlene-2-phenvlbenzoic acid methvl ester 
To a solution of the resultant compound from Example 1 1 3B ( LO equivalent) in methylene 
chloride is added (5)-5-aminomethyl-2-pyrrolidone (LO equivalent) and triethylamine (1.0 
5820 equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

Example 11 3D 

4-r(.y^--2-Pvrrolidone>5-aminomethvnsulfo nvlmethvlene-2-phenvlbenzoic acid 
5825 The resultant compound from Example 1 13C is hydrolyzed according to the 

procedure of Example IB to give the tide product. 



Example 11 3E 

4-r(yi-2-Pvrrolidone-5-aminomethvnsulfonvlmethvlene- 2-phenvIbenzovl methionine 
5830 methyl ester 

To a solution of the resultant compound from Example 1 13D (LO equivalent) in 
dimethylformamide (DMF) is added 3-hydroxy-L23-benzotriazin-4(3H)-one (1.5 
equivalents) followed by methionine methyl ester (LO equivalent) and l-(3- 
dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged 
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5835 complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with IN 
HCl and saturated brine, and then is dried and evaporated. The crude reaction mixture is 
purified by column chromatography to afford the title product. 



Fy am ple 113F 

5840 d.rr^-9^PvrroHdone-5-amino i^^th yn^iilfonvlmethvlene-2-phenvlbenzoyl methionine 

The resultant compound from Example 1 13E is hydrolyzed according to the 
procedure of Example IB to give the title product. 



5g45 Fv ample 1 14 

A-NH-S02-CH7-B 

The procedure of Example 1 13 is used with the exception that (5:)-5-aminomethyl-2- 
pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products derived from 
amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on 
5850 the fragment of the final compound that is derived from amines 146-206, 




5855 



h2-PvrrQlidone-5-a] 



Example 115 
■nTnp.t hvnRnlfonvlmethvn-2>phenvl hen7ovl leucine 



Example 115A 
4-fHvdroxvmethvlV?-phenvlben 7nv1 leucine methvl ester 
(2-phenyl-4-bromobenzoyl)-leucine methyl ester is reacted according to the procedures of 
5860 Example 16F-G. 

Example 115B 

4-ThiQacetnxvmethvl-l-phenvlbe nzQvl leucine methvl ester 
To triphenylphosphine (1.2 equivalents) in THE at -78 °C is added diethylazodicarboxylate 
5865 (L2 equivalents) in THE. After 10 min thiolacetic acid (1.3 equivalents) in THE is added 
followed by the resultant compound from Example 1 15A (1. equivalent) in THE. The 
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reaction is stirred at -78 for 1 h and then at ambient temperature until it is judged to be 
complete by TLC analysis. The mixture is evaporated and the residue is taken up in 
methanol and is treated with K2CO3 (2 equivalents). When the reaction is judged to be 
complete by TLC analysis, the solvent is evaporated and the residue is chromatographed on 
silica gel to afford the title product. 

Example 11 5C 

4-Chlorosulfonvlmethvlene-2-phenvlbenzovl leucine methvl ester 
The resultant compound from Example 11 5B in water is stirred vigorously while gaseous 
chlorine is bubbled through the mixture. When the reaction is judged to be done by TLC 
analysis, the reaction is extracted with dichloromethane which is dried and evaporated to 
afford the title product. 

Example 115D 

4-fry)-2-Pvrrolidone-5-arriinomethynsulfonylmethylene-2-phenvlbenzovl leucine methyl 

ester 

To a solution of the resultant compound from Example 1 15C (1.0 equivalent) in methylene 
chloride is added (5)-5-aminomethyl-2-pyrrolidone ( 1 .0 equivalent) and triethylamine ( 1 .0 
equivalent). When the reaction is judged complete by TLC analysis, the solvent is 
evaporated and the residue is purified by chromatography on silica gel. 

Example 1 15E 

4-f(y)-2-Pyrrolidone-5-aminomethyDsulfonvlmethvlene-2>phenylbenzoyl leucine 
The resultant compound from Example 1 15D is hydrolyzed according to the procedure of 
Example IB to give the title product. 

Example 116 
A-NH-S02-CH2-B 

The procedure of Example 1 15 is used with the exception that (2-phenyl-4-bromobenzoyl)- 
leucine methyl ester is replaced by a bromide from Table 2, entries 28-132 (B-Br) and (5)- 
5-aminomethyl-2-pyrrolidone is replaced by an amine from Table 3 (A-NH2). For products 
derived from amines 146-206 from Table 3, the final LiOH hydrolysis step also hydrolyzes 
the ester on the fragment of the final compound that is derived from amines 146-206. 
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5905 



Example 1 1 7 
4-(2-ThiazolylV2-phenvlbenzovl methionine 



Example 1 1 7 A 
2-Thiazole boronic acid 



A solution of thiazole ( 1 .0 equivalent) is lithiated with a slight excess of n-butyl lithium in 
5910 THF (1.05 equivalents) and then treated with trimethyl borate (1.05 equivalents). The 

reaction mixture is quenched by the addition of aqueous HCl and the resulting boronate ester 
is cleaved by the addition of excess aqueous NaOH. After acidification and extraction into 
ethyl acetate the crude boronic acid is used without further purification. 

5915 Example 117B 



A mixture of 4-bromo-2-phenylbenzoic acid methyl ester (1.0 equivalent), 2-thiazole 
boronic acid ( 1 .0 equivalent) and catalytic Pd(PPh3)4 is heated in a two phase system of 
toluene and aqueous Na2C03. After cooling, the resulting biaryl compound is isolated by 
5920 evaporation of the organic phase and is purified by chromatography on silica gel. 

Example 117C 
4-(2-ThiazolylV2-phenylbenzoyI methionine 
The resultant compound from Example 1 17C is hydrolyzed according to the procedure of 
5925 Example IB to give the title product. 



4-(2~ThiazolvlV2-phenvlbenzovl methionine methvl ester 




MeS 



5930 



Example 118 

4-(2"ThiazolylcarbonylV2'phenylben2oyl methionine 
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Rx ample USA 

4-(2'ThiazolvlcarbonylV2-phenvlben20vl methionine methvl ester 
A mixture of 4-bromo-2-phenylbenzoic acid methyl ester (1.0 equivalent), 2-thiazole 
5935 boronic acid from Example 1 17A ( LO equivalent) and catalytic Pd(PPh3)4 is heated in a two 
phase system of toluene and aqueous Na2C03 previously purged with a large excess of 
carbon monoxide. The resulting diaryl ketone is isolated by evaporation of the organic 
phase and is purified by chromatography on siUca gel. 

5940 Example 1 1 8B 

4-( 2-'Thiazolvlcarbonyl V2"phenvlbenzovl methionine 
The resultant compound from Example 1 1 8 A is hy drolyzed according to the procedure of 
Example IB to give the title product. 



5945 



H H 9 




OMe 



MeS 



Example 119 

4-r(3-Aminopyridyncarbonylaminosulfonvl1-2-phenvlbenzovlmethionine 



5950 Example 119 A 

4-Aminosulfonyl-2-phenylbenzoylmethionine methyl ester 
To a solution of 4-chlorosulfonyl-2-phenylbenzoyl methionine methyl ester from Example 
5E in dichloromethane is added aqueous ammonia and the mixture is stirred until the 
reaction is judged complete by TLC analysis. The organic phase is separated, dried and 

5955 evaporated and the product is purified by chromatography on silica gel. 



Example 119B 

4-Isocyanatosulfonyl-2-phenylbenzoylmethionine methyl ester 
A mixture of the resultant sulfonamide from Example 1 19 A in chlorobenzene is treated with 
5960 with oxalyl chloride according to the procedure of Franz et al. (7. Org, Chem, 1964, 29, 
2592) to give the title compound. 
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Example 119C 

4-r(A-arninopvrid yl)carbQnylaminosulfonvl1-2-phenvlhen7,ovlme methvl ester 

5965 A mixture of the resultant isocyanate from Example 119B (1 equivalent) in dichlorome thane 
is treated with 3-aminopyridine (1 equivalent) and stirred until the reaction is judged 
complete by tic analysis. The solvent is evaporated and the product is purified by 
chromatography on silica gel. 

5970 Example 11 9D 

4-r(A-aminopvridvncarbonvlaminosulfonyl]-2-phenvlhenzoylmethionine 
The resultant compound from Example 1 19C is hydrolyzed according to the procedure of 
Example IB to give the title product. 

5975 

Example 120 
A-NH-CO-NH-SO2-B 
The anilines from Table 1 (B-NH2) are reacted according to the procedures of Example 5E 
to afford the corresponding sulfonyl chlorides. These are reacted according to the procedure 
5980 of Example 119 with the exception that 3-aminopyridine is replaced by an amine from Table 
3 (A-NH2). For products derived from amines 146-206 from Table 3, the final LiOH 
hydrolysis step also hydrolyzes the ester on the fragment of the final compound that is 
derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
5985 in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 121 

5990 A-NH-CQ-NH-SO2-CH2-B 

The bromides from Table 2, entries 28-132 (B-Br) are reacted according to the procedures 
of Example 1 15A-C to afford the corresponding sulfonyl chlorides. These are reacted 
according to the procedure of Example 1 19 with the exception that 3-aminopyridine is 
replaced by an amine from Table 3 (A-NH2). For products derived from amines 146-206 
5995 from Table 3, the final LiOH hydrolysis step also hydrolyzes the ester on the fragment of 
the final compound that is derived from amines 146-206. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6000 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 122 
A-O-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6005 G. The resultant alcohols are reacted according to the procedure of Example 27 with the 
exception that 3-hydroxypyridine is replaced by an alcohol from Table 6 (A-OH). For 
products derived from alcohols 280-359 and 408-43 1 from Table 6, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 
6010 dichlorome thane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6015 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 123 
A>0-CO-NH-B 

6020 The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by an alcohol from Table 6 ( A-OH, 
1.0 equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-43 1 from Table 6, the LiOH hydrolysis step is followed by removal of the tert- 

6025 butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1:1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
6030 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 124 

6035 A-O-CS-NH-B 
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6040 

4 



6045 



6050 



6055 



6060 



6065 



6070 



The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2), (^5^-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by an alcohol from Table 6 ( A-OH, 
1.0 equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 equivalent) is replaced by 
thiophosgene ( 1 .0 equivalent). For products derived from alcohols 280-359 and 408-43 1 
from Table 6, the LiOH hydrolysis step is followed by removal of the tert-butyloxycarbonyl 
(Boc) amine protecting group by stirring the resultant compound from the LiOH hydrolysis 
step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC analysis indicates 
that the reaction is complete. The solvent is evaporated and the residue is purified by 
chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 125 

A-O-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyi'2-pyrroiidone (1.0 equivalent) is replaced by an alcohol from Table 6 (A-OH, 
1.0 equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-43 1 from Table 6, the LiOH hydrolysis step is followed by removal of the tert- 
butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 126 
A-O-SOo'NH-B 

The procedure of Example 4 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone ( LO equivalent) is replaced by an alcohol from Table 6 (A-OH, 
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1.0 equivalent) and CuCl (0.1 equivalent). For products derived from alcohols 280-359 
and 408-43 1 from Table 6, the LiOH hydrolysis step is followed by removal of the tert- 

6075 butyloxycarbonyl (Boc) amine protecting group by stirring the resultant compound from the 
LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and trifluoroacetic acid until TLC 
analysis indicates that the reaction is complete. The solvent is evaporated and the residue is 
purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 

6080 in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6085 Example 127 

A-0-C0^NH-CH2-B 

The bromides from Table 2 (B~Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 1 8 with the 
exception that (5^-5-aminomethyi-2-pyrrolidone ( 1 .0 equivalent) is replaced by an alcohol 

6090 from Table 6 (A-OH, 1.0 equivalent) and CuCl (0.1 equivalent). For products derived from 
alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is followed by 
removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 

6095 evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6100 



Example 128 
A-O-CS-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6105 G, The resultant alcohols are reacted according to the procedure of Example 18 with the 
exception that (5)-5-aminomethyl-2-pyrrolidone (LO equivalent) is replaced by an alcohol 
from Table 6 (A-OH, LO equivalent) and CuCl (0.1 equivalent), and triphosgene (0.33 
equivalent) is replaced by thiophosgene (LO equivalent). For products derived from 
alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is followed by 
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6110 removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6115 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6120 Example 129 

A>0-S0-NH>CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G and 18A-B. The resultant amines are reacted according to the procedure of Example 3 
with the exception that (5)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) is replaced by an 

6125 alcohol from Table 6 (A-OH, 1.0 equivalent) and CuCl (0.1 equivalent). For products 
derived from alcohols 280-359 and 408-43 1 from Table 6, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 

6130 solvent is evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6135 

Example 130 
A-0>S02-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6140 G and 18A-B. The resultant amines are reacted according to the procedure of Example 4 
with the exception that (5)-5-aminomethyl-2-pyrrolidone (LO equivalent) is replaced by an 
alcohol from Table 6 (A-OH, LO equivalent) and CuCl (0.1 equivalent). For products 
derived from alcohols 280-359 and 408-431 from Table 6, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
6145 the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane 
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and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica geL 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6150 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



Example 131 

6155 A-S-B 

The anilines from Table 1 (B-NH2) are reacted according to the procedures of Example 
13 A. The resultant fluorides are reacted according to the procedure of Example 13 with the 
exception that 2-mercaptopyridine is replaced by a mercaptan from Table 7 (A-SH). For 
products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 

6160 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1: 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6165 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6170 Example 132 

A-S-CO-NH-B 

The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by a mercaptan from Table 7 ( A- 

6175 SH). For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6180 gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
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anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6185 

Example 133 
A-S-CS-NH-B 

The procedure of Example 1 is used with the exception that 4-amino-2-phenylbenzoyl 
6190 methionine methyl ester is replaced by an aniline from Table 1 (B-NH2), (5)-5- 

aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by a mercaptan from Table 7 ( A- 
SH), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). For 
products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
6195 the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiet>\ in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6200 anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 134 

6205 A-S-SO-NH-B 

The procedure of Example 3 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and (5)-5- 
aminomethy 1-2-pyrrolidone ( 1 .0 equivalent) is replaced by a mercaptan from Table 7 ( A- 
SH). For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 

6210 step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

6215 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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6220 Example 135 

A-S-S02'NH-B 

The procedure of Example 4 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an anihne from Table 1 (B-NH2) and (5)-5- 
aminomethyl-2-pyrrolidone ( 1 .0 equivalent) is replaced by a mercaptan from Table 7 ( A- 

6225 SH). For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6230 gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6235 

Example 136 
A-S-CO-NH^CHo-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6240 G. The resultant alcohols are reacted according to the procedure of Example 1 8 with the 
exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from Table 7 
(A-SH). For products derived from mercaptans 301-394 from Table 7, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
6245 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6250 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 137 
A-S-CS-NH-CHo-B 

6255 The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 1 8 with the 
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exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from Table 7 
(A-SH) and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent). 
For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis step is 

6260 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6265 case the final LiOH step is eliminated and the amino jacid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6270 Example 138 

A-S-SO-NH-CHo'B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G and 18A-B. The resultant amines are reacted according to the procedure of Example 3 
with the exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from 

6275 Table 7 (A-SH). For products derived from mercaptans 301-394 from Table 7, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 

6280 gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6285 

Example 139 
A-S-S02-NH-CH2>B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6290 G and 18A-B. The resultant amines are reacted according to the procedure of Example 4 
with the exception that (5)-5-aminomethyl-2-pyrrolidone is replaced by a mercaptan from 
Table 7 (A-SH). For products derived from mercaptans 301-394 from Table 7, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
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group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 

■ 

6295 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 

gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6300 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 140 

6305 A-O-B 

The procedure of Example 6 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 3- 
bromopyridine is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). For products 
derived from halides 202-239 from Table 8, the LiOH hydrolysis step is followed by 

6310 removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6315 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6320 Example 141 

A-S-B 

The procedure of Example 12 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 2- 
chioromethylpyridine hydrochloride is replaced by a halide from Table 8 (A-Cl, A-Br, or A- 
6325 I). For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
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6330 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyi, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6335 

Example 142 
A-NH-B 

The procedure of Example 24 is used with the exception that 4-amino-2-phenylbenzoyl 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 2- 

6340 bromopyridine hydrobromide is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). 
For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 

6345 solvent is evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyi, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6350 

Example 143 
A-O-CH2 -B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6355 G. The resultant alcohols are reacted according to the procedure of Example 28 with the 
exception that 3-chloromethylpyridine hydrochloride is replaced by a halide from Table 8 
(A-Cl, A-Br, or A-I). For products derived from halides 202-239 from Table 8, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 
6360 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6365 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyi, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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Example 144 

6370 A-S^CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
G. The resultant alcohols are reacted according to the procedure of Example 37 with the 
exception that 2-bromothiazole is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). 
For products derived from halides 202-239 from Table 8, the LiOH hydrolysis step is 

6375 followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 
the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 

6380 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 



6385 Example 145 

A-CsC-B 

The procedure of Example 47 is used with the exception that (2-phenyM-bromobenzoyl)- 
methionine methyl ester is replaced by a bromide from Table 2 (B-Br) and 4- 
bromoimidazole is replaced by a halide from Table 8 (A-Cl, A-Br, or A-I). For products 

6390 derived from halides 202-239 from Table 8, the LiOH hydrolysis step is followed by 

removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring the resultant 
compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane and 
trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The solvent is 
evaporated and the residue is purified by chromatography on silica gel, 

6395 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6400 Example 146 

A-CH=CH-B 

The products from Example 145 are reacted according to the procedure of Example 48. 
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This example also encompasses compounds comprising a C-temiinal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6405 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 147 

6410 A-CH2-CH2-B 

The products from Example 146 are reacted according to the procedure of Example 49. 
This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6415 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 148 

6420 The bromides from Table 2 (B-Br) are reacted according to the procedure of Example 47A. 
The resultant acetylenes are reacted according to the procedure of Example 50 with the 
exception that 4-bromoimidazole is replaced by a halide from Table 8 (A-Ci, A-Br, or A-I). 
For products derived from halides 202-230 from Table 8, the LiOH hydrolysis step is 
followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by stirring 

6425 the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of dichloromethane 
and trifluoroacetic acid until TLC analysis indicates that the reaction is complete. The 
solvent is evaporated and the residue is purified by chromatography on silica gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 

6430 prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 149 
A-CO-CH=CH-B 

6435 The products from Example 148 are reacted according to the procedure of Example 

48. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
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prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
6440 butyl, sec -butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 150 
A^CO-CH2-CH2-B 

The products from Example 149 are reacted according to the procedure of Example 

6445 49, 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
prepare the bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

6450 

Example 151 
A-SO2-B 

The anilines from Table 1, entries 28-132 (B-NH2) are reacted according to the 
procedures of Example 13 A. The resultant fluorides are reacted according to the procedure 

6455 of Example 13 with the exception that 2-mercaptopyridine is replaced by a mercaptan from 
Table 7 (A-SH). The resultant sulfides are oxidized according to the procedure of Example 
14 A. For products derived from mercaptans 301-394 from Table 7, the LiOH hydrolysis 
step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting group by 
stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 

6460 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, 
in which case the final LiOH step is eliminated and the amino acid methyl esters used to 
6465 prepare the anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, 
butyl, sec-butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 152 

A-CH.SO2-B 

6470 The procedure of Example 12 is used with the exception that 4-amino-2- 

phenylbenzoy 1 methionine methyl ester is replaced by an aniline from Table 1 , entries 28- 
132 (B-NH2) and 2-chloromethylpyridine hydrochloride is replaced by a halide from Table 
8 (A-Cl, A-Br, or A-I). The resultant sulfides are oxidized according to the procedure of 
Example 14A. For products derived from halides 202-239 from Table 8, the LiOH 

6475 hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
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group by stirring the resultant compound from the LiOH hydrolysis step in a 1:1 mixture of 
dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 
complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

6480 This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclofaexyl or phenethyl esters. 

6485 

Example 153 
A-SO2-CH2-B 

The bromides from Table 2, entries 28-132 (B-Br) are reacted according to the procedures 
of Example 16F-G. The resultant alcohols are reacted according to the procedure of 

6490 Example 37 with the exception that 2-bromothiazole is replaced by a haiide from Table 8 ( A- 
Cl, A-Br, or A-I). The resultant sulfides are oxidized according to the procedure of 
Example 14 A. For products derived from halides 202-239 from Table 8, the LiOH 
hydrolysis step is followed by removal of the tert-butyloxycarbonyl (Boc) amine protecting 
group by stirring the resultant compound from the LiOH hydrolysis step in a 1 : 1 mixture of 

6495 dichloromethane and trifluoroacetic acid until TLC analysis indicates that the reaction is 

complete. The solvent is evaporated and the residue is purified by chromatography on silica 
gel. 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
6500 bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 




Example 154 

6505 f 4-rf 3-sulfonvlmethvlpvridvnamino1-2-phenvlbenzoyl ] methionine 

Example 154 A 

(4-rr3-sulfQnvlmethvlpvridvnamino1-2-ph envlbenzovn methionine methvl ester 
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A mixture of 3-chlorosulfonylmethylpyridine hydrochloride ( 1 .0 equivalent) and (4-amino- 
6510 2-phenylbenzoyl)methionine methyl ester (1.0 equivalent) in dichlpromethane is treated with 
triethylamine (2.2 equivalents). When judged complete by TLC analysis, the reaction is 
diluted with ethyl acetate, and then is washed with pH 4 water, saturated NaHCOs, and 
brine. The mixture is dried and concentrated to give the crude title compound which is 
purified by chromatography on silica gel. 

6515 

Example 154B 

\ 4-rf 3-sulfonvlmethvlpvridyl)amino1-2-phenvlbenzoyl ) methionine 
The resultant compound from Example 154 A is hydrolyzed according to the procedure of 
Example IB to give the title product. 

6520 

Example 155 
A-CH^SOo-NH-B 

The procedure of Example 1 54 is used with the exception that 4-amino-2-pheny Ibenzoy 1 
methionine methyl ester is replaced by an aniline from Table 1 (B-NH2) and 3- 
6525 chlorosulfonylmethylpyridine hydrochloride is replaced by a sulfonyl chloride from Table 9 
(A-SO2CI), 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
anilines in Table 1 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
6530 butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 

Example 156 

A-SO2-NH-CH2-B 

The bromides from Table 2 (B-Br) are reacted according to the procedures of Example 16F- 
6535 G. The resultant alcohols are converted to the corresponding amines according to the 

procedures of Examples 18A-B. These amines are reacted according to the procedure of 
Example 154 with the exception that -chlorosulfonylmethylpyridine hydrochloride is 
replaced by a sulfonyl chloride from Table 9 (A-SO2CI). 

This example also encompasses compounds comprising a C-terminal ester moiety, in which 
6540 case the final LiOH step is eliminated and the amino acid methyl esters used to prepare the 
bromides in Table 2 are replaced by the corresponding ethyl, propyl, isopropyl, butyl, sec- 
butyl, isobutyl, isoamyl, hexyl, octyl, cyclohexyl or phenethyl esters. 
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Example 173 

6545 [4-r(2S.5SV1.4-diazabicvclQ(2.2J^octan-l-vlV2-phenylbenzoyl1meth^^ hydrochloride 

To a solution of 74mg (0.13 mmol) of 2-phenyl-4-[(2S,5S)-4-Boc-l,4- 
diazabicyclo(2,2,l)octan-l-yl]benzoylmethionine methyl ester, prepared as in Example 
172 A, in 5 ml of THE was added 0.4 ml (0.4 mmol) of 1 N LiOH in an ice bath. The 
reaction mixture was stirred for 2 hours. The reaction mixture was adjusted to pH 2-3 with 

6550 1 N HCl at the same temperature and the solvent was evaporated. The residue was 

partitioned with dichloromethane and water, and extracted 3 times with dichloromethane. 
The combined organic solution was washed with 1 N HCl and water, dried over anhydrous 
magnesium sulfate, and concentrated in vacuo to give 60 mg of the resulting free acid as a 
oily residue. To a 2 ml of a 1:1 solution of TEA and dichloromethane was added 60 mg of 

6555 the acid. After 30 min, The reaction mixture was thoroughtly evaporated in high vacuum to 
give an oily residue. The residue was triturated with 0.3 mJ of 3 M anhydrous HCl-ether in 
5 ml of ether and the white solid was collected by filtration to give 43 mg (66 %) of [4- 
((2S,5S)- 1 ,4-diazabicyclo(2,2, l)octan- 1 -yl)-2-phenylbenzoyl]methionine hydrochloride: 
HPLC 95% (purity); NMR (300 MHz, CD3OD) 6 7.49-7.36 (m, 6H), 6.73 (dd, IH, 

6560 7=2.2, 8.4 Hz), 6.60 (d, IH, 7=2.1 Hz), 4.77 (s, IH), 4.50 (m, 12H), 3.73 (m, 2H), 3.32 
(m, 2H), 2.31-1.85 (m, 6H); l^C NMR (CD3OD) 5 175.0, 173.1, 148.5, 143.7, 142.4, 

131.4, 129.9, 129.6, 128.8, 126.6, 115.5, 112.4, 59.7, 56.8, 53.6, 53.2, 51.8, 37.1, 

31.9, 31.1, 15.8. 
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Example 224 

r4-(2.4-dioxohexahvdrQ-l-3.5-triazin-2-vlV2--phenvlhenzovl 1methiQnine 



6570 Example 224 A 

f4-carboxymethylamino-2-phenvlbenzovnmethionine methvl ester 

A mixture of (4-amino-2-phenylbenzoyl)methionine methyl ester (compound 8, 1.5 1 
g, 4.21 mmol), glyoxylic acid monohydrate (466 mg, 5.06 mmol), sodium 
cyanoborohydride (1.0 M in THE, 4.2 mL), sodium acetate (0.5 g) and acetic acid (0.5 mL) 

6575 in methanol (10 mL) was stirred for 14 hours. The reaction mixture was diluted with ethyl 
acetate (100 mL), washed with saturated aqueous potassium dihydrogenphosphate, water 
and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The 
residue was purified by column chromatography (ethyl acetate, then 3% methanol-ethyl 
acetate) to give (4-carboxymethylamino-2-phenylbenzoyl)methionine methyl ester (1.46 g, 

6580 83%). IH NMR (300 MHz, CDCI3) 5 7.67 (d, IH), 7.39 (m, 5H), 6.54 (dd, IH), 6.45 
9d, IH), 5.96 (br d, IH), 4.63 (m, IH), 3.88 (d, 2H), 3,67 (s, 3H), 2.04 (m, 2H), 2.00 
(s, 3H), 1.86 (m, IH), 1.67 (m," IH). MS (APCI+) m/e 417 (M+H)+. 

Example 224B 

6585 f4-f/^-rgr^butoxycarbonvlanlino^carboxa^^idQmethylamino-2-ph envlbenzovllmethionine 

methyl ester 

A mixture of the (4-carboxymethylamino-2-phenylbenzoyl)methionine methyl ester 
prepared in Example 224A (1.04 g, 2.50 mmol), rerr-butylcarbazate (661 mg, 5.0 mmol), 
3-hydroxyl,2,3-benzotriazin-4(3//)-one (489 mg, 3.0 mmol) and l-(3- 

6590 dimethylaminopropyl)-3-ethylcarbodiimide (576 mg, 3.0 mmol) in dichloromethane ( 10 
mL) was stirred at room temperature for 15 hours. The reaction mixture was diluted with 
ethyl acetate (100 mL), washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo. The residue was purified by column 
chromatography (ethyl acetate) to give [4-(A^- 

6595 tertbutoxycarbonylamino)carboxamidomethylamino-2-phenylbenzoyI]methionine methyl 
ester (671 mg, 51%). ^H NMR (300 MHz, CDCI3) 8 8.16 (d, IH), 7.69 (d, IH), 7.40 
(m, 5H), 6.64 (dd, IH), 6.53 (d, IH), 6.45 (m, IH), 5.96 (br d, IH), 4.63 (m, IH), 3.97 
(d, 2H), 3.67 (s, 3H), 2.99 (m, 4H), 2.06 (m, 2H), 2,00 (s, 3H), 1.88 (m, IH), 1.68 (m, 
IH), 1.46 (s, 9H). MS (APCI+) m/e 531 (M+H)+. 
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6600 

Example 224C 

r4-fN"tertbutoxycarbonylainino)carboxamidomethyl-(N-chloroform 

phenvlbenzovll methionine methyl ester 

To a -78 °C solution of the [4'(N-'tert- 

6605 butoxycarbonylamino)carboxamidomethylamino-2-phenylbenzoyl]methionine methyl ester 
prepared in Example 224B (258 mg, 0.481 mmol) in dichloromethane (3 mL) was added 
phosgene (1.93 M in toluene, 0.38 mL, 0.74 mmol), followed by triethylamine (0.20 mL, 
1.5 mmol). The reaction was then left to warm to ambient temperature over 14 hours. The 
reaction mixture was then filtered through silica gel (10 g), rinsed with ethyl acetate, and 

6610 concentrated m vacw^?. The residue was purified by column chromatography (40% ethyl 
acetate-hexane) to give [4-(N-tertbutoxycarbonylamino)carboxamidomethyl-(/V- 
chloroformyl)amino-2-phenylbenzoyl]methionine methyl ester (171 mg, 60%). NMR 
(300 MHz, DMSO-d6) 6 8.24 (d, IH), 7.33 (m. 5H), 7.28 (d, IH), 6.68 (m, 3H), 4.39 

(m, 2H), 4.30 (m, IH), 3.62 (s, 3H), 2.25 (m, 2H), 2.00 (s, 3H), L83 (m, 2H), 1.51 (s, 
6615 9H). 

Example 224D 

f4-(2.4-dioxohexahydro-'L3,5-triazin-2-ylV2-phenylbenzoyllmethionine methyl ester 

To a solution of the [4--(A^-tertbutoxycarbonylamino)carboxamidomethyl-(A^- 
6620 chloroformyl)amino-2-phenylbenzoyl]methionine methyl ester prepared in Example 224C 
(70 mg, 0.1 18 mmol) in dichloromethane (2 mL) was added 2-mercaptoethanol (5 drops) 
and trifuoroacetic acid (1 mL). After 1.5 hour, the solvent was evaporated in vacuo and the 
residue was purified by column chromatography (30% ethyl acetate-hexane) to give [4-(2,4- 
dioxohexahydro-l,3,5-triazin-2-yl)-2-phenylbenzoyl]methionine methyl ester (43 mg, 
6625 80%). iH NMR (300 MHz, CDCI3) 5 8.86 (br s, IH), 8.69 (d, IH), 7.40 (m, 5H), 6.69 
(dd, IH), 6.56 (d, IH), 5.76 (br d, IH), 4.63 (m, IH), 4.32 (s, 2H), 3.65 (s, 3H), 2.99 
(m, 4H), 2.09 (t, 2H), 2.01 (s, 3H), L89 (m, IH), L68 (m, IH). MS (CI+) m/e 457 
(M+H)+. 

6630 Example 224E 

[4-(2,4-dioxohexahydro~L3.5-'triazin-2-ylV2'-phenvlbenzovllmethionine 
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The desired compound was prepared by saponification of the product of Example 
224D using the procedure of Example 211. 'H NMR (300 MHz, DMSO-d6) 5 7.32 (m. 
5H), 7.23 (d, IH), 6.79 (d, IH), 6.63 (dd, IH), 6.56 (d, IH), 6.38 (m, IH), 4.00 (m, 
6635 IH), 3.50 (s, 2 H), 2.07 (m, 2H), 1.97 (s. 3H). 1.79 (m, 2H). MS (APCI+) m/e 465 
(M+Na)+. 



MeN,,^ Vi:?!!^'^^^ CO2R 

S 

SMe 



O 



6640 Example 289 

r4-(4-methvlpipera2inylmethylV2-phenylbenzoyl1methionine 



Example 289A 

r4-(4-inethvlpiperazinylmethylV2-phenvlbenzovl1methionine methyl ester 

6645 A solution of 4-chloromethyl-2~phenylbenzoic acid methyl ester (0.521 g, 2.00 

mmol), prepared as in Example 286A, 1 -methy Ipiperazine (0.607 g, 6.00 mmol), K2CO3 
(0.663 g, 4.80 mmol), KI (0.332 g, 2.00 mmol), and Bu4NBr (0.032 g, 0.10 mmol) in 
DMF (5 mL) was stirred for 2 hours at ambient temperature and then concentrated under 
reduced pressure. The residue was treated with a saturated LiOH-methanol ( 10 mL) and 

6650 then heated at reflux for 5 hours. The mixture was concentrated and the residue was 

dissolved in H2O. This solution was extracted with ethyl acetate (5x), and the aqueous 
phase was then acidified by the addition of 3 M HCl and lyopholized. The resulting white 
foam was dissolved in DMF (20 mL) and the solution was treated with L-methionine, 
methyl ester hydrochloride (0.807 g, 4.00 mmol), 3-hydroxy-l,2,3-benzotriazin-4(3//)-one 

6655 (1.33 g, S.OO mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (1.56 g, 8.00 

mmol), and iV-methylmorpholine (L23 g, 12.0 mmol). The reaction mixture was stirred at 
ambient temperature for 20 hours, diluted with ethyl acetate, and extracted with a 2: 1 
mixture of H2O and saturated aqueous NaHCOs (2x), 1:1 mixture of the same (2x) and 
brine (2x). The organic phase was dried (MgS04) and concentrated to provide a gold oil. 

6660 Radial chromatography (30% methanol-ethyl acetate) afforded the desired compound (0.32 1 
g, 35%). 
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Example 289 

r4-f4-methvlpipera7invlmethvlV2-phenylhenzovl1m ethionine 

6665 Saponification of the product of Example 289A using the procedure of Example 

287D gave the desired compound as a white foam as the bis-hydrochloride, mono-sodium 
chloride, NMR (de-DMSO) 5 1.76-1.95 (comp, 2H), 2.00 (s, 3H), 2.17-2.36 (comp, 
2H), 2.52 (br, 3H), 3.18-3.80 (br, 8H), 4.28-4.60 (br, 3H), 7.30-7.42 (comp, 3H), 7.47- 
7.55 (comp, 3H), 7.67-7.73 (m, IH), 7.74-7.80 (br, IH), 8.63 (d, 7= 7.8 Hz, IH). 

6670 LRMS (CI): 442 (M-hH)+. 




H 



SMe 



Example 290 

6675 (4-piperazinvlmethvl-2-phenvlbe nzQvnmethionine 



Examples 290 A 

4-A^-rerr-butoxvcarbonylpiperazinvlmethyl-2-ph envlbenzQic acid 

A solution of 4-chloromethyl-2-phenylbenzoic acid methyl ester (0.521 g, 2.00 
6680 nunol), prepared as in Example 286A, piperazine (1.39 g, 16.0 mmol), K2CO3 (0.663 g, 
4.80 mmol), KI (0.332 g, 2.00 mmol), and Bu4NBr (0.032 g, 0.10 mmol) in DMF (7 mL) 
was stirred for 2 hours at ambient temperature and then concentrated under reduced 
pressure. The residue was treated with saturated LiOH-methanol (10 mL) and then heated at 
reflux for 5 hours. The mixture was concentrated and the residue was dissolved in H2O. 
6685 This solution was extracted with ethyl acetate (5x), and the aqueous phase was then 
acidified by the addition of 3 M HCl and lyopholized. The resulting white foam was 
dissolved in a 1 : 1 mixture of H2O and 0.979 M NaOH (86 mL), and the solution was 
treated with di-rerr-butyldicarbonate (6.68 g,30.0 nmiol). The reaction mixture was stirred 
at ambient temperature for 15 hours and then concentrated to remove THE. The mixture 
6690 was treated with H2O and saturated aqueous NaHCOs and then extracted with a ether (4x). 
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The aqueous phase was acidified to pH 3 by the addition of 3 M HCl and then extracted 
with 4: 1 CHCl3-methanol (lOx). The combined organic extracts were dried twice with 
saturated aqueous Na2S04 and concentrated to provide the desired compound (0,544 g, 
69%) as an amber wax. 

6695 

Example 29QB 

r4-N>fgrr-butoxycarbQnvlpiperazinvlmethvl-2-phenylbenzovnmet hionine methvl ester 

A solution of the product of Example 290A (0.544 g, L37 mmol), L-methionine, 
methyl ester hydrochloride (0.553 g, 2.74 mmol), 3-hydroxy-l,2,3-benzotriazin-4(3//)-one 

6700 (1.14 g, 6.85 mmol), l-(3-dimethylaminopropyI)-3-ethylcarbodiimide (1.34 g, 6.85 

mmol), and N-methylmorpholine (0.980 g, 9.59 mmol) in DMF (14 mL) was stirred at 
ambient temperature for 16 hours. The mixture was diluted with ethyl acetate and then 
extracted with a 2: 1 mixture of H2O and saturated aqueous NaHCOs (2x), a 1 : 1 mixture of 
the same (2x) and brine (2x). The organic phase was dried (MgS04) and concentrated to 

6705 provide an amber oil. Radial chromatography (1:1 hexane-ethyl acetate) afforded the 
desired compound (0.356 g, 48%) as an amber oil. 

Example 290C 
(4-piperazinylmethvl-2-phenvlbenzoyl)methionine 

67 10 The desired compound was prepared from the product of Example 290B according 

to the method of Example 286E. NMR (300 MHz, DMSO-d6) 6 1.75-1.96 (comp, 
2H), 2.00 (s, 3H), 2.17-2.35 (comp, 2H), 3.3-3.7 (br, 8H), 4.28-4.38 (m, IH), 4.28- 
4.38 (m, IH), 4.38-4.54 (br, 2H), 7.30-7.44 (comp, 3H), 7.46-7.56 (comp, 3H), 7.70 (d, 
7= 7.3 Hz, IH), 7.76-7.82 (br, IH), 8.66 (d, 7= 7.7 Hz, IH), 9.86-10.06 (br, IH), 

6715 12.30-12.70 (br, IH). LRMS (CI) m/e 248 (M+H)+. 




SMe 

Example 29 1 



-330- 



6720 



WO 98/50030 PCT/US98/09297 

r4-(3-hvdroxvpYrrolidinvlV2-phenylbenzoyl]methionine 



Example 291 A 

r4-r3-hvciroxypyrrolidinylV2-phenvlbenzovnmethionine m cthvl ester 

A solution of 4-chloromethyl-2-phenylbenzoic acid methyl ester (0.521 g, 2.00 
6725 mmol), prepared as in Example 286A, 3-pyrrolidinol (0.178 g, 2.00 mmol), K2CO3 (0.553 
g, 4.00 mmol), and BU4NI (0.0754 g, 0.20 mmol) in CH3CN (5 mL) was stirred for 15 
hours, treated with LiOH*H20 (0.506 g, 12.0 mmol), and then heated at reflux for 5 hours. 
The solution was cooled to ambient temperature and added to a mixture of L-methionine 
methyl ester hydrochloride (0.807 g, 4.00 mmol), 3-hydroxy-l,2,3-benzotriazin-4(3//)-one 
6730 (1.66 g, 10.00 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (1.96 g, 10.00 

mmol), and triethylamine hydrochloride (2.81 g, 20 mmol) in CH3CN (15 mL). After 12 
days the mixture was concentrated under reduced pressure and the residue was dissolved in 
ethyl acetate. The solution was extracted with a 1: 1 mixture of H2O and saturated aqueous 
NaHCOs (4x) and brine. The organic phase was dried (MgS04) and concentrated to 
6735 provide a gold oil. Radial chromatography (12% methanol-ethyl acetate) afforded the 
desired compound (0.494 g, 56%). 



Example 29 IB 
r4-f3>hvdroxvpvrrolidinvn-2-phenvlbenzovl1methionine 

6740 Saponification of the product of Example 289 A using the procedure of Example 

287D gave the desired compound as a white foam as the bis-hydrochloride, mono-sodium 
chloride. NMR (300 MHz, DMSO-d6) 6 1.77-2.06 (comp, 5H), 2.16-2.36 (comp, 
2H), 2.94-3.04 (m, IH), 3.12-3.34 (comp, 2H), 3.34-3.56 (comp, 2H), 4.28-4.37 (m, 
IH), 4.37-4.60 (comp, 2H), 4.60-5.50 (br, 2H), 7.32-7.43 (comp, 3H), 7.45-7.56 

6745 (comp, 3H), 7.65-7.80 (comp, 2H), 8.68 (d, 7= 7.8 Hz, IH), 11.2-11.9 (m, IH). LRMS 
(CI) m/e 429 (M+H)+. 
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CO2H 



SCH3 



6750 



Example 349 



[4~r5-cvclohexvlmethvloxazolid-2>on-)-vlmethvlV2 -r2-methvlphenvnbenzovl1m 



[4-ri-hvdrQxv-3-cvclohexvlprQp-2-vlaminQmethvlV2-(2^methv lphenvnbenzovn 

6755 A mixture of [4-formyl-2-(2-methylphenyl)benzoyl]methionine ethyl ester (614 mg, 

1.54 mmol), prepared according to Example 158F except substituting [4-hydroxmethyl-2- 
(2-methylphenyl)benzoic acid for 4-hydroxymethyl-2-phenylbenzoic acid in Example 158E, 
(S).(+)-2-amino-3-cyclohexyl-l-propanol hydrochloride (357 mg, 1.84 mmol) and 
diisopropylethylamine (0.135 mL, 0.77 mmol) in toluene was refluxed for 5 hours using a 

6760 Dean-Stark apparatus. The reaction mixture was cooled to ambient temperature and diluted 
with ethanol. Sodium cyanoborohydride (145 mg) and o-bromocresol green was added. 
The reaction mixture was stirred while acidity was maintained using HCl-ethanol. The 
reaction was quenched with saturated aqueous potassium carbonate and the mixture was 
extracted with dichloromethane (2x). The combined organic layers were dried over 

6765 magnesium sulfate, filtered, and concentrated in vacuo. Chromatography on silica gel (5% 
methanol-chloroform) gave the desired compound (840 mg). 



To a solution in THF of the product of Example 348A (173 mg, 0.32 mmol) and 
diisopropylethylamine (66 ^iL, 0.38 mmol) was added ethyl chloroformate (40 |iL, 0.38 
mmol) and the reaction mixture was stirred for 1 .5 hours at ambient temperature. The 
reaction mixture was poured into ethyl acetate and the organic phase was washed with 
6775 aqueous 2N HCl, dried over magnesium sulfate, filtered, and concentrated in vacuo to give 
the desired compound as a clear oil which was used without further purification. 



Example 349 A 



6770 



Example 349B 

r4->fl-hvdroxv-3-cvclohexvlprop-2-vl-A^-ethoxv carbonvlaminomethYn-2-(2- 

methylphenyDbenzovll methionine 
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Example 349C 

[4-f5-cvclohexvImethvl>2.-ovn7nlidon-l-vlmethvlV2-(2-methvlp hp.nvnhe^^^ 

6780 To a 100 °C solution of the product of Example 348B in toluene was added sodium 

ethoxide (21% in ethanol, 30 jiL) and the reaction mixture was stirred for 10 minutes. The 
reaction mixture was cooled to ambient temperature and diluted with saturated aqueous 
ammonium chloride. The mixture was extracted with ethyl acetate. The organic phase was 
dried over magnesium sulfate, filtered, and concentrated in vacuo. Chromatography on 

6785 silica gel (33% ethyl acetate-hexane) gave the title compound as the ethyl ester. 

Saponification of the ethyl ester using Uthium hydroxide gave the title compound. 1 H NMR 
(DMSO-d6, 300 MHz) 5 8.13 (m, IH), 7.41 (d, 7= 7 Hz, IH), 7.25 (d, 7= 7 Hz, IH), 
7.1 1-7.02 (m, 4H), 4.45 (d, 7= 15 Hz, IH), 4.34 (dd, 7= 9, 8 Hz, IH), 4.19 ( d, 7= 15 
Hz, IH), 4.10 (m, IH), 3.84 ( dd, 7= 8, 8 Hz, IH), 3.58 (m, IH), 2.10-1.83 (m, 5H), 

6790 1.85 (s, 3H), 1.47-1.37 (m, 8H), 1.10-0.92 (m, 5H), 0.85-0.57 (m, 2H). MS (DCI- 
NH3) m/e 539 (M+H)+, 556 (M+NH4)+. 




SMe 



C02Li 



N 

6795 Example 452 

N-f4-f2-f2-phenylphenynethvn-2-(2-methvlphenvnben zQvllmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210-212 
iH nmr (300 MHz, DMSO-de): 5 7.2-7.04 (m, 15 H), 6.89 (dd, 1 H), 6.54 (br d, 1 H), 
4.12 (m, 1 H), 2,81 (t, 2 H), 2.63 (t, 2 H), 2.00 (m, 1 H), 1.88-1.87 (br s, 6 H), 1.73 (m, 
6800 2 H), 1.56 (m, 1 H). MS (ESI -): m/e 522 (M-H)-. 
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Example 453 

6805 N44--(2-a-DhenQxyphenvlWhen-^vlV2-(2-methvlphenvnbep zovl1metm^ lithium salt 

The desired compound was prepared according to the method of Examples 210 and 
21 L.m nmr (300 MHz, DMSO-d6): 6 7.88 (br d, 1 H), 7.55 (m, 2 H), 7.40-7.17 (m, 1 1 
H), 7.10 (t, 1 H), 6.96 (m, 4 H), 3.65 (m, 1 H), 2.15 (m, 1 H), 2.00 (m, 1 H), 1.91 (br 
6 H), 1.75-1.55 (m, 2 H). MS (APCI ~): m/e 536 (M-H)-. 

6810 




Example 454 

N>r4-f2-f2-phenoxvphenvnethenvn-2-(2-methvlphenv nbenzovll-2-amino-4- 
6815 methylsulFmvlbutanoic acid lithium salt 

The desired compound was prepared according to the method of Examples 2 1 0 and 
211. .IH nmr (300 MHz, DMSO-de): 5 7.88 (br d, 1 H), 7.62-7.50 (m, 2 H), 7.40-7.17 
(m, 11 H), 7.10 (t, 1 H), 6.98 (m, 4 H), 3.90 (m, 1 H), 2.45 (s, 3 H), 2.39,2.36 (2 s's, 3 
H), 2.10-1.64 (m, 4 H). MS (ESI -): m/e 552 (M-H)~ 

6820 
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Rxam ple 455 

N"r4-f2-(2-phcnQxyphenvnethYl)-^-(^2-methvlphcnvnbenzoyl]m lithium salt 

6825 The desired compound was prepared according to the method of Examples 210- 

212.. nmr (300 MHz, DMSO-de): 5 7.45-6.90 (m, 17 H), 3.65 (m, 1 H), 2.88 (br s, 4 
H), 2.18-2.00 (m, 2 H), 1.91 (br s, 6 H), 1.70-1.50 (m, 2 H). MS (APCI -): m/e 538 (M- 
H)". 

6830 




Example 456 

N-r4-r2-r2-phcnoxyphenvnethylV2-(2-methvlphenynbenzoyn-2-amino-4- 

methylsulfmylbutanoic acid lithium salt 
6835 The desired compound was prepared according to the method of Examples 210- 

212..1H nmr (300 MHz, DMSO-d6): 5 7.43 (m, 1 H), 7.34 (m, 3 H), 7.25-7.00 (m, 9 H), 
6.95 (m, 1 H), 6.85 (m, 3 H),.3.90 (m, 1 H), 2.88 (br s, 4 H), 2.41-2.37 (4 s's, 6 H), 
2.10-1.64 (m, 4 H). MS (ESI -): m/e 554 (M-H)'. 



6840 




Example 457 

N-f4-(2-f2-benzvlphenynethenyn-2-f2-methylphenynbenzovllmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210 and 
6845 21 1..1H nmr (300 MHz, DMSO-d6): 6 7.70 (m, 1 H), 7.59 (m, 1 H), 7.51 (m, 2 H), 7.34- 
7.10 (m, 14 H), 6.96 (br s, 1 H).4.17 (br s, 2 H), 3.63 (m, 1 H), 2.19 (m, 1 H), 2.02 (m, 
1 H), 1.92 (br s, 6 H), 1.73-1.52 (m, 2 H). MS (APCI m/e 534 (M-H)-. 
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Example 458 

N44-(^2-('2-benzylphenynethenylV2-('2-rnethylphenynbenzovl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212.. IH nmr (300 MHz, DMSO-de): 5 7.60-7.40 (m, 3 H), 7.25-7.07 (m, 12 H), 7.00- 
6855 6.80 (m, 2 H), 3.97 (s, 2 H), 3.61 (m, 1 H), 2.83 (m, 2 H), 2.72 (m, 2 H), 2.08 (m, 1 H), 
1.97 (m, 1 H), 1.96,1.91(2 br s's, 6 H). 1.80-1.52 (m, 2 H). MS (APCI -): m/e 536 (M- 
H)-. 




Example 459 

N-r4-(2-(3-phenoxyphenynethvlV2-f2-methylphenyDbenzovl1meth ionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212.. iH nmr (300 MHz, DMSO-d6): 6 7.44 (d, 1 H), 7.35 (tt, 2 H), 7.25 (dt, IH), 7.19 
6865 (m, 4 H), 7.10 (tt, 2 H), 6.98 (dt, 1 H), 6.96-6.83 (m, 5 H), 6.79 (ddd. 1 H), 3.64 (m, 1 
H), 2.91 (br s, 4 H), 2.08 (m, 1 H), 1.95 (m, 1 H), 1.91 (br s, 6 H), 1.73-1.52 (m, 2 H). 
MS (APCI -): m/e 538 (M-H)-. 
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Hxample 460 

N-r4-r2-(3-phenoxvphenvl)f^thvlV2-(2-methvlphen vnhen7.ovll-2-amino-4- 

methylsulfinvlhutanoic acid lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
212.. IH nmr (300 MHz, DMSO-de): 7.44 (dd, 1 H), 7.35 (tt, 2 H), 7.25 (dt, IH), 7.19 
(m, 4 H), 7.10 (tt, 2 H), 6.98 (dt, 1 H), 6.96-6.83 (m, 5 H), 6.79 (ddd, 1 H), 3.90 (m, 1 
H), 2.91 (br s, 4 H), 2.45 (s, 3 H), 2.39.2.36 (2 s's, 3 H), 2.20-1.54 (m, 4 H). MS (ESI 
-): m/e 554 (M-H)-. 




Rx ample 461 

N-r4-(2-(4-cvclohexvlphenvnethvn-2-(2-methvlphenvnbp -n7.nvnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212.. IH nmr (300 MHz, DMSO-de): 5 7.45 (d, I H), 7.29 (dd, 1 H), 7.25-7.05 (m, 8 H), 
6.88 (m, 2 H), 3.64 (m, 1 H), 2.88 (m, 4 H), 2.44 (m, 1 H), 2.10-1.30 (m, 14 H), 1.91 
(br s, 6 H). MS (APCI -): m/e 528 (M-H)-. 
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6890 




Example 462 

N-r4-r2-r4-phenoxvphenvnethvn-?.-(2-methvlphenvnhen7 .nvl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212.. IH nmr (300 MHz, DMSO-de): 7.45 (d, 1 H), 7.40-7.27 (m, 3 H), 7.25-7.12 (m, 7 
6895 H), 7.10 (tt. 1 H). 6.98-6.87 (m, 5 H), 5 3.67 (m, 1 H), 2.91 (br s, 4 H), 2.16-1.95 (m, 2 
H), 1.91 (br s, 6 H). 1.73-1.52 (m, 2 H). MS (APCI -): m/e 538 (M-H)-. 




6900 Example 463 

N-f4-r2-r4-phenoxvphenvnethvn-2-(2-m ethvlphenvnhenzovn-2-amino-4- 

methylsulfmvlbutanoic acid lithium salt 
The desired compound was prepared according to the method of Examples 210- 
212.. IH nmr (300 MHz, DMSO-de): 7.66-6.87 (m, 17 H), 3.70 (m, 1 H), 2.92 (br s, 4 H), 
6905 2.40-2.37 (4 s's, 6 H), 2.20-1.54 (m, 4 H). MS (ESI -): m/e 554 (M-H)". 
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Hxample 464 

6910 N-[4-f2-fluoren-4-vlethvn-2-(2-methvlphenvl>benzoyl1m ethionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
212.. »H nmr (300 MHz, DMSO-de): 5 7.84 (d, 1 H). 7.77 9d, 1 H), 7.56 (d, 1 H), 7.45 
(d, 1 H), 7.44 (s, 1 H), 7.40-6.86 (m, 10 H), 3.86 (s, 2 H), 3.64 (m, 1 H), 2.98 (br s, 4 
H), 2.08 (m, 1 H), 1.95 (m, 1 H), 1.91 (br s, 6 H), 1.73-1.52 (m, 2 H). MS (APCI -): 

6915 m/e 538 (M-H)-. 




Example 465 

6920 N-r4-('2-naphth-2-vlethenvn-2-(2-methvlphenvn hen7.nvl1methionine 

The desired compound was prepared according to the method of Examples 210 and 
21 1..1H nmr (300 MHz, CDCI3): 6: 6 8.07 (dd, 1 H). 7.90-7.80 (m, 4 H). 7.74 (dd, 1 
H), 7.66 (dd, 1 H), 7.51 (m, 2 H), 7.42-7.31 (m, 6 H), 7.25 (m, 1 H). 5.94 (t, 1 H), 4.60 
(m. 1 H). 2.20-2.00 ( 4 s's, 6 H), 2.12 (m, 1 H), 2.03 (m, 1 H), 1.94 (m, 1 H), 1.58 (m, 1 

6925 H). MS (CI +): m/e 496 (M+H)+. 
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p.xample 466 

6930 N-f4-f'2-naDhth- 1 -vlethenvn-2-r2-mpthvlphenvn benzovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 2 1 0 and 
211..»H nmr (300 MHz, MeOD-d4): 6 8.28 (d. 1 H). 8.12 (dd, 1 H), 7.90-7.72 (m, 5 H), 
7.63-7.42 (m, 5 H), 7.35-7.10 (m, 5 H), 4.25 (m, 1 H), 2.98 (br s, 4 H), 2.30 (m, 1 H), 
2.10 (m, 1 H), 2.02-1.97 (4 s's. 6 H), 1.84 (m, 1 H), 1.68(m, 1 H). MS (ESI -): m/e 494 

6935 (M-H)-. 




Example 467 

6940 N-r4-(2-naphth-l -vlethvlV2-(2-methvlphenvnbe n7.ovl1methionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
212..1H nmr (300 MHz, MeOD-d4): 6 8.08 (d, 1 H), 7.85 (dd, 1 H), 7.70 (d, 1 H), 7.63- 
7.38 (m, 4 H), 7.37-7.15 (m, 6 H), 7.05-6.83 (m, 2 H), 4.24 (m, 1 H), 3.42 (t, 2 H), 3.12 
(t, 2 H), 2.27-2.05 (m, 2 H), 2.00 (br s. 6 H), 1.90-1.60 (m, 2 H). MS (ESI -): m/e 496 

6945 (M-H)-. 
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F.xample 468 

5950 N-r4-('2-naphth- 1 -vlethvn-2-r2-me thvlphenvnben7.ovl1methionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
212.. »H nmr (300 MHz, MeOD-d4): 5 7.66 (m, 3 H), 7.45 (m, 2 H), 7.31 (m, 2 H), 7.24 
(dd, 1 H), 7.20 (dd, 1 H), 7.13-7.00 (m, 4 H), 6.80 (br d, 1 H), 4.13 (m, 1 H), 3.01 (t, 4 
H). 1.91,1.88,1.81 (3 br s's, 6 H), 1.95-1.48 (m. 4 H). MS (ESI -): m/e 496 (M-H)". 

6955 




Example 469 

N-r4-r3-phenvlprop-l-envn-2-(2-methvlphenvnben 7.ovllmethionine 
6960 r 1 : 1 mixture of olefin isomers) 

The desired compound was prepared according to the method of Examples 2 1 0 and 
21 l..'H nmr (300 MHz, CDCI3): 6 8.00,7.96 (2 d's, from each of the isomers, 1 H), 7.48- 
7.08 (11 H), 6.52-6.30 (m, 2 H), 5.88 (m, 1 H), 4.56 (m, 1 H), 3.60 (2 d's, from each of 
the isomers, 2 H), 2.20-2.00 (m, 8 H), 1.90 (M, 1 H), 1.52 (m, 1 H). MS (CI +) m/e 460 
6965 (M+H)+. 
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Example 470 

6970 N-r4-(3-naphth-2-vlpropvlV2-(2-methvlphenvnbenzovl1me thionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
212.. IR nmr (300 MHz, MeOD-d4): 5 7.68 (t, 1 H), 7.65 (t, 1 H), 7.51 (m, 2 H), 7.34- 
7.06 (m, 9 H), 6.93 (m, 1 H), 4.17 (m, 1 H), 2.73 (t, 2 H), 2.66 (t, 2 H), 1.96 (m, 1 H), 
1.99 (m, 3 H), 1.97,1.89 (2 br s's, 6 H), 1.72 (m, 1 H), 1.53 (m, 1 H). MS (ESI -): m/e 

6975 510 (M-H)- 




Example 47 1 

6980 N-r4-(3-cvclQhexvlprop~ 1 •>envlV2~(2-methvlphenvnbenzoynmethion ine lithium salt 

The desired compound was prepared according to the method of Examples 2 1 0 and 
211. .IH nmr (300 MHz, DMSO-d6): 6 7.46 (m, 2 H), 7.25-7.09 (m, 6 H), 6.96 (m, 1 H), 
6.40 (m, 1 H), 3.64 (m, 1 H), 3,18 (m, 2 H), 2.2-2.05 (m, 2 H), 2.03-1.92 (3 br s's, 6 H), 
1.75-0.90 (m, 13 H). MS (ESI -): m/e 464 (M-H)- 

6985 
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Example 472 

N-f4-r4-phenvlhut-l-envn-2-f2-methvlphenvnben7 .ovl1methionine 
6990 The desired compound was prepared according to the method of Examples 210 and 

21l..»H nmr (300 MHz, CDCI3): 5 7.98 (m, 1 H), 7.50-7.10 (m, 12 H), 6.41 (m, 1 H), 
5.88 (m. 1 H), 4.57 (m. 1 H), 2.82 (m. 2 H), 2.57 (m, 2 H), 2.20-2.00 (m. 8 H), 1.92 (m, 
I H), 1.52 (m, 1 H). MS (CI -H) m/e 474 (M+H)+. 

6995 




Example 473 

N-r4-(4-naphth-2-vlbut-4-on- 1 -vn-2-r2-methvlphenvnben 7.ovl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
7000 212..1H nmr (300 MHz, DMSO-de): 5 8.61 (s, I H), 8.10 (br d, 1 H), 7.98 (m, 2 H), 

7.63 (m, 2 H), 7.46 (m, 2 H), 7.31 (m, I H), 7.23-6.87 (m, 6 H), 3.44 (m, 1 H), 3.20 (m, 
2 H), 2.75 (m, 2 H), 2.30-1.97 (m, 4 H), 1.95 (br s, 3 H), 1.91 (br s, 3 H), 1.90-1.56 (m, 
2 H). MS (ESI -): m/e 538 (M-H)". 

7005 
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Example 474 

N-[4-r4-naphth-2-vlhut-4-ol-l-envn-2-(2-methvlphen vnbenzovnmethionine 
The desired compound was prepared according to the method of Examples 210 and 
7010 21 l..'H nmr (300 MHz, DMSO-de): 5 7.95-7.83 (m, 4 H), 7.56 (dd. 1 H), 7.48 (m, 3 H), 
7.43 (m, 1 H), 7.25-7.08 (m, 5 H), 7.00-6.85 (m, 1 H), 6.45 (m, 1 H), 4.86 (t, i H), 3.64 
(m, 1 H), 2.63 (br t, 2 H), 2.17 (m, 1 H). 1.98.1.91 (2 br s's, 6 H), 1.95 (m, 1 H), 1.90- 
1.56 (m, 2 H). MS (ESI -): m/e 538 (M-H)-. 



7015 




Example 478 

N-[4-(4-cyclohexylbutylV2-(2-methylphenyl')benzoyl1methion ine sodium salt 
The desired compound was prepared according to the method of Examples 210- 
7020 2 1 2..1H nmr (300 MHz, DMSO-de): 5 7.45 (d, 1 H), 7.27-7.10 (m, 5 H), 6.96 (m, 1 H), 
6.89 (br s, 1 H), 3.67 (m, 1 H), 2.62 (t, 2 H). 2.15 (m, 1 H), 1.98,1.91 (2 br s's, 6 H), 
1.97 (m, 1 H), 1.70-0.75 (m, 19 H). MS (ESI -): m/e 480 (M-H)-. 
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7025 



7030 




SMe 



C02Li 



Example 480 

N44-f5-phenvlpent-l-envlV2-f2-methvlpheny nhfinzovnmethionine 
The desired compound was prepared according to the method of Examples 210 and 
211..1H nmr (300 MHz, CDCI3): 5 8.00 (tt, 1 H), 7,43 (dt, 1 H), 6.38-7.15 (m, 11 H), 
6.39 (m. r H), 5.85 (m, 1 H), 4.52 (m, 1 H), 2.70 (m, 2 H), 2.19 (m, 1 H), 2.20-2.00 (4 
s's, 6 H), 2.10 (m, 3 H), 1.90-1.50 (m, 4 H). MS (CI +): m/e 488 (M+H)+. 



SMe 




OH 



7035 Example 493 

N-r4-(2-pyrimidin-5-vlethvnvn-2-f2-methVlphenynbenzQvnmethio nine lithium salt 

The desired compound was prepared according to the method of Examples 210-211 
iH nmr (300 MHz, DMSO-d6): 5 9.20 (s, 1 H), 9.04 (s, 2 H), 7.63 (m, 3 H), 7.42 (m, 1 
H), 7.30-7.18 (m, 4 H), 7.16-7.00 (m, 2 H), 3.48 (m, 1 H), 2.18 (m, 1 H), 2.02 (m, 1 H), 
7040 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). 



Example 494 



SMe 




OH 
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7045 N-r4-(2-Dvrimidin-5-vlethen-l-vn-2-(2-methvlphe .nvnhenzovnmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210-211 
'H nmr (300 MHz, DMSO-de): 5 9.06 (s. 1 H), 9.04 (s, 2 H), 7.67 (br d. 1 H), 7.00 (m, 2 
H), 7.47 (m, 1 H), 7.38 (d. 1 H), 7.30-7.15 (m, 3 H), 7.10-6.97 (m, 2 H), 3.66 (m,l H), 
2.20 (m, 1 H). 2.03 (m, 1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI -): 

7050 m/e 446 (M-H)-. 




Example 495 

7055 N-f4-f 2-pvra7.in-2-vlethen- 1 -vn-2-r2-methvlphenvnbenzo ynmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 21 1 
IH nmr (300 MHz, DMSO-d6): 5 8.78 (s, 1 H). 8.63 (dd, 1 H), 8.51 (d, 1 H), 7.82 (d, 1 
H), 7.76 (dd, 1 H), 7.59 (d, 1 H), 7.52 (m, 2 H), 7.30-7.10 (m, 4 H). 7.02 (m, 1 H), 3.68 
(m, 1 H), 2.20 (m. 1 H), 2.03 (m, 1 H). 1.93 (br s, 16 H), 1.70 (m, 1 H), 1.58 (m, 1 H). 

7060 MS (ESI -): m/e 446 (M-H)-. 




Example 496 

7065 N-r4-f3-naphth-2-vlproti- 1 -envlV2-r2-methvlph envnhenzovnmethionine lithium salt 

( 1 : 1 mixture of olefin isomers) 
The desired compound was prepared according to the method of Examples 210 - 21 1 
IH nmr (300 MHz, MeOD-d4): 6 7.85-7.58 (m, 5 H), 7.51-7.36 (m, 4 H), 7.32-7.10 (m. 5 
H), 6.61 (m, 1 H), 4.24 (m, 1 H), 3.72,3.67 (2 d's, 2 H, 1:1 ratio), 2.24 (m, 1 H), 2.08- 
7070 1.95 (4 s's, 6 H), 1.99 (m, 1 H), 1.90-1.60 (m, 2 H). MS (ESI -) m/e 508 (M-H)-. 
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Example 572 

7075 N44>(23-diphenvlpropan- l--vlV2-(2--methvlphenvl^benzQv llmethiQnine lithium salt 

The desired compound was prepared according to the method of Examples 210-212 
(DMSO-d6) 5 7.38 (dJH), 7.10, 6.90, 6.73 (all m, total 17H), 3.75 (m, IH), 2,98 (m, 
5H), 2.10-1.50 (envelope, lOH). MS (ESI) 536 (M-H)-. Anal calcd for C34H34LiN03S • 
0.25 H2O: C, 74.50; H, 6.34; N, 2.56. Found: C, 7.10; H, 5.95; N, 2.53. 

7080 




SMe 



COaLi 



Example 768 

A^44.fAr.Benzvl-A^-phenvlaniinosulfonvn-2-r2-methvlphenvn benzQvl1methionine lithium 

7085 salt 

The desired compound was prepared according to the method of Example 5E. 
(d6-DMSO): 6 7.7-7.9 (4H, m); 7.3-7.1 (13H, m); 4.84 (2H, s); 4.1 (IH, m) 3.2 (3H, s); 
1.9 (3H, s); 2.1-1.6 (4H, m). ESI(-)/MS: 587 (M-Li) 



7090 
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II 



O 

Example 772 

A^.,r4-(A^-2-cvclQhexvlethvlaminosulfQnvlV2--phenvlbenzovl1 meth ionine lithium salt 
The desired compound was prepared according to the method of Example 5E. ^ H 
7095 (CD3OD): 7.85-7.9 (IH, d); 7.7-7.8 (IH, d); 7.6-7.7 (IH, s); 7.2-7.3 (4H, m); 4.2-4.3 

(IH, m); 2.8-2.9 (2H, t); 2.05-2.1 (2H, m); 2.0 (3H, s); 1.9 (3H, s); 1.6-1.7 (6H, m) 1.1- 
1.4 (7H, m); 1.7-1.86 (2H, m). ESI(-)/MS: 521(M-Li); 487, 459. 




7100 

Example 773 

A/^-[4-a-Benzylylpiperidin-4-vlaniinosulfonvlV2-phenylbenzoyl1methionine lithium salt 
The desired compound was prepared according to the method of Example 5E. 
(CD3OD): 7.82-7.94 (IH, d); 7.75-7.81 (IH, d); 7.62-7.72 (IH, s); 7.1-7.38 (9H, m); 4.2- 
7105 4.3 (IH, m); 3.1(2H, s); 3.0-3.1 (IH, m); 2.7-2.8 (2H, d); 2.42-2.54 (2H, t); 1.78-2.3 
(1 IH, m); 1.6-1.78 (3H, m); 1.4-1.6 (2H, m). ESI(-)/MS: 594(M-Li). 




7110 Example 774 
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A^-r4-Af-(2-piperidin-1 ylRthvnaininosulfonvlV2-phenvlhen7.ovnm ethioninc lithium salt 
The desired compound was prepared according to the method of Example 5E. ^ H 
(CD3OD): 7.82-7.94 (IH, d); 7.75-7.81 (IH, d); 7.62-7.72 (IH, s); 7.1-7.38 (4H, m); 
4.18-4.3 (IH, m); 3.1(2H. m); 2.34-2.5 (5H. m); 2.2-2.35 (2H. m); 2.05-2.2 (2H; m); 
7115 1.93-2.05 (3H, s); 1.8-1.95 (4H, m); 1.6-1.7 (2H, m); 1.55-1.6 (3H, m); 1.4-1.5 (2H, m). 
ESI(-)/MS: 532 (M-Li); 488; 357. 




7120 Example 775 

;V-r4-A^-('2-moT^holin- 1 vlethvnaniinnsulfonvn- 2-phenvlhen7.ovnmethionine lithium salt 
The desired compound was prepared according to the method of Example 5E. H 
(CD3OD): 7.9-8.1 (IH, d); 7.8-7.9 (IH, d); 7.67-7.8 (IH, s); 7.1-7.4 (4H, m); 4.2-4.3 
(IH. m); 3.4-3.7 (4H, m); 3.4-3.2 (4H, m); 2.9-3.2 (2H, t); 1.6-2.6 (12H, m) ESI(-)/MS: 
7125 534(M-Li); 490; 462. 




Example 776 

7130 Af-r4-(2-f3.4-dimethoxvphenvnethvlaminQ.sulfonvn-2-phe nvlhenzovl1methionine lithium salt 

The desired compound was prepared according to the method of Example 5E. 
lH(MeOH-ii4): 6 7.78-7.9 (2H, m); 7.62-7.7 (lH,s); 7.1-7.3 (4H. m); 6.78-6.82 (IH. d); 
6.72-6.78 (IH, d); 6.65-6.72 (IH, q); 4.2-4.3 (IH, m); 3.75-3.8 (6H. s); 3.08-3.18 (2H, 
m); 2.58-2.7 (2H, t); 1.6- 2.26 (lOH, m). ESI(-)/MS: 585(M-Li); 541; 410. 

7135 
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Rxample 777 

Ar-r4-r3-imidazol-l-vlpropylaminosiilfonvn-2-phenvIbenzo vl1metm^ lithium salt 
7 1 40 The desired compound was prepared according to the method of Example 5E. 

lH(MeOH-d4): 5 7.78-7.9 (2H, dd); 7.5-7.6 (2H, m); 7.1-7.3 (4H, m); 7.1 (IH, s); 6.92 
(IH, s); 4.2-4.3 (IH, m); 4.05-4.18 (2H, t); 2.8-2.9 (2H, t); 1.6-2.3 (12H, m). ESl(-)/MS: 
529(M-Li);281;255. 

7145 




Example 778 

/V-r4-(3-(2-methvlpiperidin-l-vnpropvlaminosulfonvn-2-phenv lhenzovnmethionine lithium 

salt 

7 150 The desired compound was prepared according to the method of Example 5E. 

1 H(MeOH-ii4): 6 7.8-7.94(2H, dd); 7.6-7.7 (IH. s); 7.1-7.4 (4H, m); 4.2-4.3 (IH, m); 
2.84-2.94 (2H, t); 2.7-2.87 (2H, m); 1.8- 2.5 (13H, m); 1.4-1.8 (6H. m); 1.24-1.349 (2H, 
m); 1.0-1.1 (3H, m). ESI(-)/MS: 560(M-Li); 385; 281. 

7155 
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SMe 



CO2H 



Example 783 
A^-r4-iodo-2-f2-inethylphenyl)benzoyllmethiQnine 
The desired compound was prepared according to the method of Example 2 IOC. ' H 
7160 nmr (300 MHz, CDCI3): 6 7.83 (dd, 1 H), 7.72 (dd, 1 H), 7.60 (s, 1 H), 7.39-7.16 (m, 4 
H), 5.89 (m, 1 H), 4.58 (m, 1 H), 2.20-2.00 (m, 8 H), 1.96 (m, 1 H), 1.58 (m, 1 H). MS 
(CI +) m/e 452 (M+H)+. 




Example 784 

N-r4-N(t-ButvlcarbazatocarbonvlmethvDamino-2-phenylbenzovllmethionine 
The desired compound was prepared according to the method of Example 57, except 
tiButylcarbazatocarbonylmethyl bromide was used as the alkylating agent. nmr (300 
7170 MHz, DMSO-d6): 5 9,79 (s, 1 H), 8.85 (s, 1 H), 8.12 (d, 1 H), 7.47-7.29 (m, 6 H), 6.65 
(br d, 1 H), 6.56 (d, 1 H), 6.43 (t, 1 H), 4.30 (m, 1 H), 3.81 (d, 2 H), 2.32 (m, 2 H), 2.05 
(br s, 6 H), 1.90 (m, 2 H), 1.47 (s, 9 H). MS (APCI +) m/e 517 (M+H)+. 
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Example 785 

A^-r4-(2-(thia7.ol-5-vl')ethen- 1 -vn-2-(2-methvlphenvl'ibenz ovl1methionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. iH nmr (300 MHz. DMSO-de): 6 9.01 (s, 1 H), 7.98 (s, 1 H), 7.67 (d, 1 H), 7.63 
7180 (m, 1 H), 7.55 (d ,1 H), 7.42 (m, 1 H), 7.30-7.15 (m, 4 H), 3.65 (m, 1 H), 2.18 (m, 2 

H), 2.02 (br s. 3 H), 1.92 (br s, 3 H), 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI -): m/e 451 
(M-H)-. 




Example 786 

A^-^4-(2-phenvlphenvl'>-2-f2-methylphenynbenzovl1methionin e lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. 'H nmr (300 MHz, DMSO-d6): 8 7.96 (s, 1 H), 7.83 (d, 1 H). 7.77 (d, 2 H), 7.74 
7190 (d, 1 H), 7.66 (t, 2 H). 7.56 (t, 2 H), 7.48 (t, 2 H), 7.38 (t, 1 H), 7.24 (m, 3 H). 7.02 (m, 
1 H), 3.66 (m, 1 H), 2.22 (m, 2 H), 2.05 (br s, 3 H), 1.93 (br s, 3 H), 1.77 (m, 1 H), 1.58 
(m, 1 H). MS (ESI -): m/e 494 (M-H)-. 



-352- 



wo 98/50030 



PCT/US98/09297 




7195 

Example 787 

A/^>[4--r3-phenvlphenvlV2-(2-methvlphenvnbenzQvl1m ethionm^ lithium salt 
The desired compound was prepared according to the method of Examples 210 - 
211. IH nmr (300 MHz, DMSO-d6): 5 7.7.54-7.44 (m, 4 H), 7.51 (m, 1 H), 7.38 (m, 1 
7200 H), 7.34-7.22 (m, 3 H), 7.19-7.00 (m, 5 H), 6.90-6.85 (m, 2 H), 6.66 (m, 1 H), 3.62 (m, 
1 H), 2.22 (m, 2 H), 2.05 (br s, 3 H), 1.93 (br s, 3 H), 1.77 (m, 1 H), 1.58 (m, 1 H). MS 
(ESI -): m/e 494 (M-H)". 




7205 

Example 788 

A^44-f4-phenvlphenvn-2-r2-methvlphenvnbenzQvl1meth ionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz, DMSO-de): 6 7.87-7.80 (m, 3 H), 7.78 (t, 2 H), 7.73 (d, 2 H), 
7210 7.65 (d, 1 H), 7.49 (m, 3 H), 7.39 (m, 1 H), 7.33-7.15 (m, 4 H), 7.02 (m, 1 H), 3.66 (m, 
1 H), 2.22 (m, 2 H), 2.05 (br s, 3 H), 1.93 (br s, 3 H), 1.77 (m, 1 H), 1.58 (m, 1 H). MS 
(ESI m/e 494 (M-H)-. 
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7215 



7220 




SMe 



COaLi 



Example 789 

A^-r4-(4-phenvlcvclohexylidenv]V2-r2-methvlphenvl^benzovnmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. 'H nmr (300 MHz, CD3OD): 5 7.56 (m, 1 H), 7.25-6.94 (m, 10 H). 6.27 (s, 1 H), 
4.16 (m, 1 H), 2.60 (m, 1 H), 2.40 (m, 2 H), 2.17 (m, 2 H), 2.00-1.70 (m, 13 H), 1.58 
(m, 1 H). MS (ESI -): m/e 522 (M-H)". 




7225 Example 790 

A/^-r4-.Yvn-(4-phenvlcvclohexvlmethvn-2-(2-methvlphenvnbe nzQvllmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210- 
212. 'H nmr (300 MHz, CD3OD): 5 7.53 (m, 2 H), 7.22-6.92 (m, 10 H), 4.15 (m, 1 H), 
2.73 (br d, 2 H), 2.52 (m, 1 H), 2.15 (m, 2 H), 2.02-1.90 (m, 6 H), 1.75 (m, 5 H). 1.57 
7230 (m, 5 H). MS (ESI -): m/e 5 14 (M-H)-. 
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Example 791 

7235 N44-r2-phenylethen-l-ylV2-(2-methylphenv)^henzovl1methiQnin 

The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz, CDCI3): 6 8.03 (dd, 1 H), 7.61 (dd, 1 H), 7.52 (m, 2 H), 7.40- 
7.22 (m, 8 H), 7.20 (d, 1 H), 7.10 (d, 1 H), 5.93 (m, 1 H), 4.59 (m, 1 H), 2.20-2.00 (m, 
8 H), 1.96 (m, 1 H), 1.56 (m, 1 H). MS (CI +) m/e 446 (M+H)+. 

7240 




Example 792 

A/-r4-(2-r3-phenvlphenvnethen-l-vn-2-(2-methvlphenvnbenzQvllmeth ionine lithium salt 
7245 The desired compound was prepared according to the method of Examples 210- 

211. IH nmr (300 MHz, CD3OD): 6 7.83-7.10 (m, 18 H), 4.27 (m, 1 H), 2.30 (m, 1 H), 
2.15-1.95 (m, 8 H), 1,88 (m, 1 H), 1.69 (m, 1 H). MS (ESI m/e 520 (M-H)". 
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7250 



7255 




SMe 



COaLi 



Example 793 

A^-[442-f3-phenvlphenyl)gr/zv/)-2-(2-methvlphenvnbenzoyllme lithium salt 

The desired compound was prepared according to the method of Examples2 10 - 2 1 2 
iH nmr (300 MHz, CD3OD): 6 7.60 (br d, 1 H), 7.51 (br d, 2 H), 7.45-7.20 (m, 12 H), 
6,98 (m, 1 H), 4.23 (m, 1 H), 3.04 (br s, 4 H), 2.12 (m, 2 H), 2.03-1.91 (m, 6 H), 1.83 
(m, 1 H), 1.65 (m, 1 H). MS (ESI -): m/e 522 (M~H)-, 




7260 Example 794 

N-r4-(2-r3-phenvlphenvnethen- 1 .vlV2-f 2-methvlph envnbenzovllmethionine lithium salt 
The desired compound was prepared according to the method of Examples 210- 
211. nmr (300 MHz, DMSO-d6): 6 7.85 (dd, 1 H), 7.54-7.30 (m, 9 H), 7.30-7.10 (m, 
6 H), 7.10 (d, 1 H), 6.95 (m, 1 H), 3.67 (m, 1 H), 2.16 (m, 2 H), 2.02 (br s, 3 H), 1.91 
7265 (br s, 3 H), 1.70 (m, 1 H), 1.57 (m, 1 H). MS (ESI m/e 521 (M-H)-. 
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Example 810 

7270 A^44-(2-(3-Dhenoxvpvrida7in-6-vnethen-l-vlV2-r2-methylpb pnynhe 

lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
211. IH nmr (300 MHz, DMSO-d6): 5 8.08 (d, 1 H), 7.76 (dd, 1 H), 7.59 (d, 1 H), 7.52 
(d, 1 H), 7.52-7.43 (m, 4 H), 7.31-7.10 (m, 7 H), 7.00 (m, 1 H), 2.18 (m, 1 H), 2.02 (m, 
7275 1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI -): m/e 538 (M~H)-. 




Example 8 1 1 

7280 /^-r4-(2-f3-phenoxvpvridazin-6-vnethvn-2-f2-methvlphenv nbenzQvllmethionine lithium salt 

The desired compound was prepared according to the method of Examples 210 - 
21 1. IH nmr (300 MHz, DMSO-d6): 6 7.65 (d, 1 H), 7.46 (d, 1 H), 7.44 (d, 1 H), 7.38- 
7.10 (m, 9 H), 6.94 (m. 1 H), 6.88 (m, 1 H), 6.75 (m, 1 H), 3.65 (m, 1 H), 3.19 (t, 2 H), 
3.07 (t, 2 H), 2.18 (m, 1 H), 2.02 (m, 1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 

7285 H). MS (ESI m/e 540 (M-H)-. 




Example 812 

7290 A^-r4-r2-f2-phenQxvpvridazin-5-vnethen-l-vn-2-(2-methvlphenvnbenzovl1methionine 

lithium salt 

The desired compound was prepared according to the method of Examples 210- 
211. IH nmr (300 MHz, DMSO-d6): 5 8.51 (s, 1 H), 8.33 (s, 1 H), 7.64 (m, 1 H), 7.53- 
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7.38 (m, 6 H), 7.30-7.15 (m, 7 H), 7.00 (m, 1 H), 3.65 (m, 1 H), 2.18 (m, 1 H), 2.02 (m, 
7295 1 H), 1.92 (br s, 6 H), 1.70 (m, 1 H), 1.58 (m, 1 H). MS (ESI m/e 538 (M-Hr. 



7300 




SMe 



H 



Example 813 

A/-r4-r2-('2-phenoxvpvriHa7.in-S-VlV,thvn-2-(2-methvlphep vnhenzovllrnethionine lithium salt 

The desired compound was prepared according to the method of Examples 210- 
212. IH nmr (300 MHz, DMSO-d6): 5 8.26 (s, 1 H), 8.21 (s, 1 H). 7.50-7.30 (m, 6 H), 
7.30-7.10 (m, 5 H). 7.00 (m, 1 H), 3.65 (m. 1 H). 2.97 (m, 4 H), 2.18 (m, 1 H), 2.02 (m, 
1 H), 1.92 (br s, 6 H), 1.70 (m. 1 H), 1.58 (m, 1 H). MS (ESI -): m/e 540 (M-H)-. 



7305 




Example 824 

A^-r4-r2-henzvloxvmethvlpvrrnlidin-l-vlmethvn-2-r2- methvlphenvnhen7,ovnmethionine 

7310 The desired compound was prepared according to the method of Example 157. 'H 

nmr (300 MHz, DMSO d6): 6 8.13, d. IH; 7.47, d, IH; 7.37, d, IH; 7.13 - 7.32, m, lOH; 
4.48, s, 2H; 4.21, m 2H; 3.51, m, 2H; 3.38, m, 2H; 2.89, m, 2H; 1.99 - 2.40 m, 7H; 
1.98, s, 3H; 1.50 - 1.96, m, 4H. MS (ESI(-)): 545 (M-H); (ESI(+)): 547. Calc'd for 
C32H38N2O4S + 0.70 H2O: C 68.72, H 7.10, N 5.01: Found: C 68.71, H 6.6.88, N 

7315 4.92. 
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SMe 




OH 



Rxample 854 

7320 N44-(2-(4-r2-chlQrophenQxv^phenvnethen-l-vlV2-(2-methvlphenvl ^benzQvn^ 

The desired compound was prepared according to the method of Examples 210-211 
MS m/e 570 (M-H)". NMR (CDCI3, 300 MHz) 6 1.58 (m, IH), 1.95 (m, IH), 2.1 (m, 
8H), 4.59 (m, IH), 5.91 (m, IH), 6.91-7.62 (m, 16H), 8.03 (m, IH). 



7325 



7330 



SMe 




OH 



Example 855 

N-r4-r2-r4-f2^chlorophenQXV^phenvnethvlV2-f2-methvlphenvnh en7.ovl1methionine 
The desired compound was prepared according to the method of Examples 210 - 
211. MS m/e 574 (M+H)+. ^H NMR (CDCI3, 300 MHz) 5 1.53 (m, IH), 1.93 (m, IH), 
2.1 (m, 8H), 2.95 (m, 4H), 4.59 (m, IH), 5.83 (m, IH), 6.83-7.50 (m, 14H), 7.97 (m, 
IH). 



7335 




Example 856 
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N-f4-f2-(4-f2-nitrophennxY'>phenvneth en-l-vlV2-f 2-methvlphe nvnhenzovl1 methionine 

The desired compound was prepared according to the method of Examples 210- 
211. MS m/e 583 (M+H)+. 'H NMR (CDCI3, 300 MHz) 6 1.57 (m. IH), 1.93 (m, IH), 
7340 2.1 (m, 8H). 4.58 (m, IH), 5.90 (m, IH), 6.65 (m, 2H), 6.90-7.50 (m, 14H), 7.96 (m, 
IH). 




7345 Example 857 

N-r4-(2-(4-r2-aminophenoxv^phenvnethvn-2 -(2-methvlphenvnhenzovllmethionine 

The title compound was prepared in an analogous manner Example 212 except that 
the final compound was extracted out of pH 7 buffer after the final hydrolysis. MS m/e 555 
(M+H)+. IH NMR (CDCI3, 300 MHz) 5 1.49 (m, IH), 1.91 (m, IH), 2.1 (m, 8H), 2.95 
7350 (m, 4H), 4.56 (m, IH), 5.84 (m, IH), 6.68-7.38 (m, 14H), 7.97 (m, IH). 




Example 858 

7355 N-f4-f2-r4-(3-chlorophenoxv')phenvnethen-l-vlV 2-(2-methvlnhenvl)benzovnmethionine 

The desired compound was prepared according to the method of Examples 210 - 
211. MS m/e 570 (M-H)-. ^H NMR (CDCI3, 300 MHz) 5 1.57 (m, IH), 1.95 (m, IH), 
2.1 (m, 8H), 4.59 (m, IH), 5.91 (m, IH), 6.91-7.62 (m, 16H), 8.04 (m, IH). 

7360 
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Example 859 

N-r4-(2-f4-(3-chlQrophennxv^phenvnethvlV2-(2-methvlohe nvnbenzovnmethionine 
The desired compound was prepared according to the method of Examples 210- 
7365 212. MS m/e 572 (M-H)-. iR NMR (CDCI3, 300 MHz) 6 1.49 (m, IH), 1.93 (m, IH), 
2.1 (m, 8H), 2.97 (m, 4H), 4.55 (m, IH), 5.84 (m, IH), 6.81-7.37 (m, 14H), 7.98 (m, 
IH). 



7370 




Example 860 

N-r4-(2-(4-(4-chlorophenoxy)phenvnethvlV2-(2-methylphenynbenzoyl1methionine 
The desired compound was prepared according to the method of Examples 210- 
212. MS m/e 574 (M+H)+. 'H NMR (de-DMSO, 300 MHz) 5 1.75 (m, 2H), 1.94 (m, 
7375 6H). 2.06 (m, 2H), 2.94 (m, 4H). 4.13 (m, IH), 6.92-7.48 (m, 12H), 7.66 (m, 2H), 7.97 
(m, IH). 
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N-[4-(2-(4-(3-nitronhennYyYhftnvnet hp.n-l-vn-2-(2-methvlphp.nvnhenzovl1methionine 
The desired compound was prepared according to the method of Examples 210- 
211. MS m/e 583 (M+H)+. 'H NMR (CDCI3, 300 MHz) 6 1.54 (m, IH), 1.92 (m, IH), 
2.1 (m, 8H). 4.58 (m, IH), 5.91 (m, IH), 6.7-7.6 (m, 16H), 8.02 (m, IH). 

7385 




Example 866 

N-r4-(4-t-butnxvcarbonvlpiperazin-l-vlmethvlV2-('2-methvlp henvnbenzovnmethionine 
7390 The desired compound was prepared according to the method of Example 158. ' H 

NMR (CDCI3, 300 MHz) 6 1.45 (s, 9H), 1.60 (m, IH), 1.82 (m, IH), 2.05 (m, 8H), 2.53 
(m, 4H), 3.46 (m, 4H), 3.62 (m, 2H), 4.38 (m, IH), 6.00 (m, IH), 7.10-7.50 (m, 6H), 
7.86 (m, IH). MS m/e 540 (M-H)-. 



7395 




Example 867 

N-f4-r4-phenvlpipera7.in-l-vlmethyn-2-r2-m ethvlphenvl^benzovnmethionine 
The desired compound was prepared according to the method of Example 158. 'H 
7400 NMR (CDCI3, 300 MHz) 5 1.47 (m, IH), 1.82 (m, IH), 2.0 (m, 8H), 2.75 (m, 4H), 3.21 
(m, 4H), 3.65 (m, 2H), 4.30 (m, IH), 6.11 (m, IH), 6.89 (m, 2H), 7.22 (m, 8H), 7.40 
(m, IH), 7.82 (m, 1H).MS m/e 516 (M-H)-. 
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7410 




SMe 



C02Li 



Example 888 

A^-r4-A^-fl3-Diphenvlpropan-2-vlMminooxvmethvl-2-(2-rnethvlph envnbenzovl1-methionine 

lithium salt 

The desired compound was prepared according to the method of Example 157. ' H 
NMR (300 MHz, DMSO) 5 1.50-1.62 (m, IH), 1.63-1.76 (m, IH), 1.92 (s, 3H). 1.95- 
2.15 (m, 5H), 3.38 (s, 2H), 3.53 (s, 2H), 3.69 (brs, IH), 5.18 (s, 2H), 6.98 (d, 7=6.4 Hz, 
IH). 7.04-7.28 (m, 15H), 7.36 (dd, 7=7.8, 1.7 Hz, IH), 7.52 (d, 7=7.8 Hz, IH). MS 
(ESI) m/z 587 (M+H); Analysis calc'd for C35H35LiN2O4S»1.0H2O: C, 69.52; H, 6. 17; 
N, 4.63; found: C, 69.47; H, 6.09; N, 4.58. 



7415 




SMe 



CO2H 



Example 929 

A/-[4-fAAHept-4-vlaminooxvmethvn-2-(2-methvlphe nvnhenzovnmethionine 

7420 The desired compound was prepared according to the method of Example 157 ' H 

(300MHz, DMSO-d6, 6) 7.52 (IH, d, 7=8Hz), 7.37 (IH, dd, 7=9&2Hz), 7.30-7.10 (4H, 
m), 7.10 (IH, bs), 6.97 (IH, m). 6.33 (IH, bd, 7=10Hz), 4.63 (2H, s), 3.68 (IH, m), 
2.74 (IH, m), 2.20-1.95 (3H, m), 1.92 (3H, s), 1.90-1.40 (4H, m), 1.40-1.20 (8H, m), 
0.83 (6H, t, 7=8Hz). m/z (ESI) 485 (MH') Anal.calc. for C27H37LiN2O4S 0.25 H2O C 

7425 65.24, H 7.60, N 5.64 Found C 65.14, H 7.81, N 5.33 
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Example 988 

7430 N-r4-G-benzyloxypyrrQlidin-l-vlmethvlV2-(2-methylphenynbenzoyl1methionine 

The desired compound was prepared according to the method of Example 158 ' H 

nmr (300 MHz, DMSO de): 5 8.08, d, IH; 7.47, d, IH; 7.37, dd, IH; 7.29, m, 5H; 7.20. 

m, 2H; 7.14, m, 3H; 4.40, q (AA'), 2H; 4.21, m, IH; 4.11, m, IH; 3.68, q (AA'), 2H; 

2.41 - 2.76, m, 4H; 1.98 - 2.23, m, 6H; 1.97, s, 3H; 1.64 - 1.93, m, 3H. MS (ESI(-)): 
7435 531 (M-H); (ESI(+)): 533. Calc'd for C31H36N2O4S: C 69.90, H 6.81, N 5.26: Found: 

C 69.21, H 6.86, N 5.06 




7440 Example 989 

jV-r4-(3-henzvloxvDiperidin-l-vlmethvlV2-(2-methvlDhenvnbenzo vl1methionine 

The desired compound was prepared according to the method of Example 158 'H 
nmr (300 MHz, DMSO de): 6 8.09, d, IH; 7.49. d, IH; 7.37, dd, IH; 7.23 - 7.34, m, 5H; 
7.22, m, 2H; 7.12, m, 3H; 4.48, s, 2H; 4.23, ddd, IH; 3.60, m, 2H; 3.46, m, IH; 3.30, 
7445 m, 2H; 2.95, m, IH; 2.64. m, IH; 2.00 - 2.24. m, 6H; 1.98. s, 3H; 1.63 - 1.96, m, 3H; 
1.42, m, IH; 1.22, m, IH. MS (ESI(-)): 545 (M-H); (ESI(+)): 547. Calc'd for 
C32H38N2O4S + 0.37 H2O: C 69.46, H 7.06, N 5.06: Found: C 69.45, H 7.14, N 4.76. 
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Example 990 

A/-f4-(3-cvclohexylmethoxvpiperidin-l-vlmethylV2-(2-methylphenvn benzovl1methionine 
The desired compound was prepared according to the method of Example 158 ' H 
nmr (300 MHz, DMSO de): 6 7.98, d, 0.5H; 7.97, d, 0.5H; 7.37, d, IH; 7.25, d, IH; 
7455 7.09, m, 2H; 7.02, m, 3H; 4.10, m, IH; 3.44, s, 2H; 3.15, m, 2H; 3.05, m. 2H; 2.77, m, 
IH; 2.52, m, IH; 1.88 - 2.13, m, 5H; 1.60 - 1.82, m, 3H; 1.51, m, 5H; H; 1.85, s, 3H; 
1.30, m, 2H; 0.90 - 1.16, m, 4H; 0.75, m, 2H. MS (ESI(-)): 551 (M-H); (ESI(+)): 553. 
Calc'd for C32H44N2O4S+ 1.13 H2O: C 67.06, H 8.14, N 4.89: Found: C 67.06, H 
7.88, N 4.80. 

7460 




Example 99 1 

A^-r4-(2-phenoxvmethvlpvrrolidin-1-vlmethvn-2-r2-methv lphenvnbenzovl1methionine 
7465 The desired compound was prepared according to the method of Example 158 'H 

nmr (300 MHz, DMSO de): 5 8.10, d, IH; 7.48, d, IH; 7.40, d, IH; 7.01 - 7.30, m, 6H; 
6.90, m, 3H; 4.22, m, 2H; 4.01, m, IH; 3.85, m, IH; 3.59, m, IH; 3.34, m, IH; 3.03, m, 
IH; 2.91, m, IH; 2.36, m, IH; 1.98 - 2.24, m, 6H; 1.96, s, 3H; 1.60 - 1.90, m, 4H. MS 
(ESI(-)): 531 (M-H); (ESI(+)): 533. Calc'd for C31H36N2O4S + 0.87 H2O: C 67.90, H 
7470 6.94, N 5.11: Found: C 67.90, H 6.95, N 4.87. 
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F.x ample 992 

7475 A/-f 4-('2-cvclohexvlmethoxvmethylpvrTolidin- 1 -vlmeth yl')-2-('2- 

methylphenynbenzovHinethioninc 
The desired compound was prepared according to the method of Example 158 ' H 
nmr (300 MHz, DMSO d6): 6 8.11, d, IH; 7.47, d, IH; 7.38, d, IH; 7.21, m, 2H; 

7.16, m, 3H; 4.21, m, 2H; 3.53, m, IH; 3.25 - 3.46, m, 3H; 3.18, dq (AA ), 2H; 
7480 2.87, m, 2H; 2.30, m, IH; 1.99 - 2.24, m, 6H; 1.97, s. 3H; 1.77 - 1.95, m, 2H; 1.56 - 
1.76, m, 6H; 1.40 - 1.55, m, 2H; 1.51, m, 3H; 0.88, m, 2H. MS (ESI(-)): 551 (M-H); 
(ESI(+)): 553. Calc'd for C32H44N2O4S + 0.74 H2O: C 67.90, H 8.10, N 4.95: Found: 
C 67.89, H 7.83, N 4.79. 

7485 




Example 993 

A^-[4-(2-benzyloxvmethylpvrrolidin-l-ylmethyl'>-2-('2-methylphenvnbenzoyl1m ethionine 
The desired compound was prepared according to the method of Example 158 'H 
7490 nmr (300 MHz, DMSO de): 6 8.12, d, IH; 7.49, d, IH; 7.39, d, IH; 7.30, m, 5H; 7.21, 
m, 2H; 7.15, m, 3H; 4.48, s, 2H; 4.22, m, 2H; 3.53, m, 2H; 3.40, m, 2H; 2.89, m, 2H; 
2.23 - 2.40. m. IH; 2.00 - 2.22, m, 5H; 1.98, s, 3H; 1.50 - 1.94, m, 6H. MS (ESI(-)): 
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545 (M-H); (ESI(+)): 547. Calc'd for C32H38N2O4S + 1 .60 H2O: C 66.78, H 7.22, N 
4.87: Found: C 66.79, H 6.88, N 4.70. 

7495 




Example 1016 

7500 N44-r2-r4-r4-chlorophenoxy^phenyl)ethen-l-ylV2-r2-methyIpheny 

lithium salt 

Prepared as in Example 210. MS m/e 570 (M-H)-. NMR (d6-DMSO, 300 
MHz) 5 1.5-2.2 (m, lOH), 3.65 (m, IH), 6.95 (m, IH), 7.02-7.69 (m, 17H). 

7505 




Example 1035 

A^-[4-(4-benzvlpiperazin-l-ylmethyn-2-(2-'methylphenvnbenzovnmethionine 
Prepared similarly. MS m/e 530 (M-H)-. ^H NMR (CDCI3, 300 MHz) 5 1 .65 (m, 
75i0 IH), 1.95 (m, IH), 2.08 (m, 8H), 2.75 (m, 8H), 3.71 (m, 4H), 4.42 (m, IH), 6.21 (m, 
IH), 7.3 (m, IIH), 7.79 (m, IH). 
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yV-f4-f4-benzvlpipftriHin-1-v»m p.thvn-2-(2-methvlphftnYi)h<rn7.nvllrnethionine 
Prepared similarly. MS m/e 529 (M-H)". 'H NMR (CDCI3, 300 MHz) 5 1.65 (m, 
5H), 1.95 (m, IH), 2.06 (m. 8H), 2.41 (m, IH), 2.56 (m, 2H), 3.30 (m, 2H), 3.55 (m, 
IH), 3.71 (m, 2H), 4.13 (m, IH), 4.42 (m, IH), 6.30 (m, IH), 7.18 (m, lOH), 7.47 (m, 
7520 IH), 7.77 (m, IH). 




Example 1037 

7525 A^-r4-(4-(4-chlorophenylV4-hvdroxypiperidin-l-ylmethvl)-2-(2- 

methylphenyDbenzoyllmethionine 
Prepared similarly. MS m/e 565 (M-H)-. iH NMR (de-DMSO, 300 MHz) 5 1 .61 
(m, 4H), 1.80 (m, IH), 1.93 (m, IH), 1.99 (s, 3H), 2.15 (m, 5H). 2.48 (m, 2H), 2.69 
(m. 2H). 3.63 (s, 2H), 4.18 (m, IH), 4.92 (s, IH), 6.95 (m, 2H), 7.45 (m, 8H), 7.95 (m, 
7530 IH). 




Example 1038 

7535 A^-r4-f4-cvclQhexvlpipera7.in-l-vlmethvlV2-(2- methvlphenvnbenzovl1methionine 

Prepared similarly. MS m/e 522 (M-H)-. ^H NMR (CDCI3, 300 MHz) 5 1.29 (m, 
6H), 1.68 (m, IH), 1.88 (m, 5H), 2.05 (m, 8H), 2.71 (m, 4H), 2.89 (m, IH), 3.58 (m. 
6H), 4.38 (m, IH), 6.42 (m, IH). 7.2-7.5 (m, 6H), 7.74 (m, IH). 

7540 
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Rx ample 1083 

(2S) 2-[4-f4-phenvl-13-dioxQlan-2-vlV2-r2-methvlphenvn benzovllmethionine. Lithium Salt 




Example 1083A 

f2S) 2-r4-a-phenvM.3-diQXQlan-2-vlV2-r2-me thvlphenvnbenzovl1methionine, Methyl 

Ester 

To a solution of N-[4-formyl-2-(2-methylphenyl)benzoyl]methionine methyl ester ( 
example 403G, 340mg) and 1 ,2-dihydroxyethy Ibenzene (134mg) in toluene (3mL) was 
added p-toluenesulfonic acid hydrate (17mg), and magnesium sulfate (212mg). After 7h at 
ambient temperature, the reaction was filtered through infusorial earth and concentrated. The 
residue was purified by silica gel chromatography eluting with 30% EtOAc/hexane to give 
the title compound as a colorless oil (330mg, 74%). MS (APCI(+)) n^e 506 (M+H)+. MS 
(APCI(-)) m/e 540 (M+Cl)". 
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F.xample 1083B 

(?.S) 2-r4-(4-phenvl-1.3-dioxolan-2-vn-2-('2-methvIphenvl^be n7.ovnmethionine. Lithium Salt 
7560 The title compound was prepared from (2S) 2-[4-(4-phenyl-l ,3-dioxolan-2-yl)-2-(2- 
methyIphenyl)benzoyl]methionine methyl ester according to the procedure in example 608E, 
and was isolated as a white powder. NMR (300 MHz, DMSO) 6 1.51-1.88 (m, 4H), 
1.92 (s, 3H). 1.98-2.20 (m, 3H), 3.62-3.73 (m, IH), 3.76 (t, J=7.8 Hz, 0.5H), 3.85 (t, 
J=7.2 Hz, 0.5H), 4.38 (t, J=7.2 Hz, 0.5H), 4.56 (ddd, J=8.4, 6.6, 1.8 Hz, 0.5H). 5.25 
7565 (t, J=6.9 Hz, IH), 6.20 (s, 0.5H), 6.22 (s, 0.5H), 7.00-7.12 (m, IH), 7.25-7.47 (m, 
lOH), 7.59 (d, J=6 Hz, 2H). MS (APCI(+)) m/e 492 (M+H); Analysis calc'd for 
C28H28LiNO5S»1.30H2O: C, 64.56; H, 5.92; N, 2.69; found: C, 64.56; H, 5.69; N, 

2.54 




Example 1099 

A^-f4-a-benzvltetrazol-5-ylmethyn-2-('2-methylphenynbenzoy nmethionine 

7575 Step 1: 4-nitrilemethyl-2-(2-methylphenyl')phenylacetate 

A 100 mL round-bottom flask was charged with 4-bromomethyl-2-(2- 
methylphenyl)phenylacetate (798.0 mg, 2.5 mmoi and MeOH (23 mL)/ H2O (2 mL). 
Potassium cyanide (489.4 mg, 7.5 mmol) was added and allowed to stir at room 
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temperature for 12 h, then heated to reflux for 1 h. monitoring by TLC (1: 1 EtOAc/hexane). 

7580 The reaction was cooled and solvent was removed under vacuum. It was then diluted with 
water and extracted with EtOAc (3x10 mL). The combined organic layers were washed 
with brine, dried over MgS04, filtered and concentrated under vacuum. The product was 
purified by silica gel column (1:1 EtOAc/Hexane). Yield: 597.3 mg (90%), off-white soHd. 
IH NMR (5, CDCI3): 8.0 (2H), 7.0-7,5 (5H), 2.83 (2H), 3.6 (3H), 2.05 (3H), 1.55 (IH). 

7585 Mass spec(ESI): 266 (M+1), 264 (M-1). 

Step 2: 4-tetrazol-5-vlmethvl-2-f2-methvlphenynphenvlacetate 
A 100 mL 3-neck round-bottom flask was charged with 4-nitrilemethyl-2-(2- 
methylphenyl)phenylacetate (533.3 mg, 2 mmol) and dmf (25 mL) under N2 purge. 

7590 Sodium azide (910.1 mg, 12 mmol) and triethylamine hydrochloride (1.3780 g, 10 mmol) 
were added. The reaction was heated at 100 °C for 48 h. After cooling, 1 M NaHCOs (50 
mL) was added. The reaction was extracted with Et20 (3 x 25 mL). The aqueous layer was 
acidified with I M H3PO4 to pH = 3. Then extracted with EtOAc (3 x 50 mL). The 
combined organic layers were washed with water (50 mL) cind brine (50 mL), dried over 

7595 MgS04, filtered and concentrated under vacuum. The product was purified by siHca gel 

column (CHCls/MeOH/HOAc (95:5:1)). Yield: 691.2 mg, yellow oil. Mass spec(ESI): 309 
(M+1), 307 (M-1). 

Step 3: 4-ri-benzyltetrazol-5-ylmethylV2-(2-methvlphenvnbenzoate (A) and 4-r2- 
7600 benzyltetrazol-5-ylmethyl)-2-(2-methylphenyDbenzoate (B) 

A 25 mL round-bottom flask was charged with 4-tetrazol-5-ylmethyl-2-(2- 
methylphenyOphenylacetate (618.1 mg, 2 mmol) in CH3CN (9.5 mL)/water (0.5 mL). 
Benzyl bromide (0.36 mL, 3 mmol) and potassium hydrogen carbonate (1 g) were added. 
The reaction was stirred for 4 h and then diluted with water. The mixture was extracted 
7605 with Et20 (3 x 10 mL). The organic layer was washed with water ( 10 mL) and brine (10 
mL), dried over MgS04, filtered and concentrated under vacuum. The two regioisomers 
were separated by silica gel column (40% EtOAc/Hexane). Yield: 255.7 mg (product A) 
and 277.6 mg (product B). Product A: iR NMR (5, CDCI3): 7.9 (2H), 7.0-7.4 (lOH), 
5.7 (2H), 4.27 (2H), 3.6 (3H), 2.0 (3H). Mass spec(ESI): 399 (M+1), 397 (M-1), 
7610 Product B: NMR (5, CDCI3): 7.9 (2H), 6.9-7.4 (lOH), 5.4 (2H), 4.2 (2H), 3.6 (3H), 

2.0 (3H). Mass spec(ESI): 399 (M+1), 397 (M-1). 

Step 4: 4-(l-benzyltetrazol-5-ylmethylV2-(2-methylphenyDbenzoic acid 
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A 50 mL round-bottom flask was charged with 4-(l-benzyltetrazol-5'ylmethyl)-2- 
7615 (2-methylphenyl)benzoate (A) (205.8 mg, 0,52 mmol) and ethanol (10 mL). 4 N sodium 
hydroxide (1.1 mL, 4. 16 mmol) was added. The reaction was refluxed for 2 h and then 
cooled. The solvent was removed under vacuum and then diluted with water. The reaction 
was extracted with Et20 (3x10 mL). The pH of the aqueous layer was adjusted to 2 with 1 
M H3PO4. The aqueous layer was extracted with EtOAc (3 x 10 mL). The combined 
7620 organic layers were washed with brine (10 mL), dried over MgS04, filtered and 

concentrated under vacuum. Yield: 205. 1 mg, white sohd. NMR (5, CDCI3): 8.0 
(2H), 7.0-7.4 (lOH), 5.7 (2H), 4.3 (2H), 2.0 (3H). 

Step 5: N-r4-r 1 -benzvltetrazQl-5-vlmethvlV2-( 2-methvlphenvnbenzovl1methiQnine 
7625 A 50 mL round-bottom flasks was charged with 4-( l-benzyltetrazol-5-ylmethyl)-2- 

(2-methylphenyl)benzoic acid (205.1 mg, 0.52 mmol), l-(3-dimethylaminopropyl-3- 
ethylcarbodiimide hydrochloride (ED AC) (1 10.1 mg, 0.0.572 mmol), L-methionine methyl 
ester hydrochloride (135.0 mg, 0.676 mmol), 1-hydroxybenzotriazole (78.6 mg, 0.572 
mmol) and dmf (3 mL). The reagents were stirred until completely dissolved and then 
7630 triethylamine (0. 14 mL, 0.936 mmol) was added. The reaction was stirred about 48 h until 
no starting material was present. Water (2 mL) and EtOAc (2 mL) were added to dissolve 
the precipitate. The mixture was extracted with EtOAc (3x10 mL). The combined organic 
layers were washed with 2 M NaaCOs (10 mL), water (10 mL) and brine (10 mL), dried 
over MgS04, filtered and concentrated under vacuum. Yield: 273.0 mg , yellow solid. *H 
7635 NMR (5, CDCI3): 8.0 (2H), 7.0-7.4 (lOH), 5.85 (IH), 5.7 (2H), 4.6 (IH), 4.3 (2H), 
3.65 (3H), 1.95-2.2 (6H), 1.5-1.9 (4H). 



Step 6: N-f4-r 1 -henzvUetrazol-5-vlmethvlV2-(2-methvlphe nvnhenzovllmethionine- 

carboxvlic acid 

7640 A 25 mL round-bottom flask was charged with N-[4-( l-benzyltetrazol-5-ylmethyl)- 

2-(2-methylphenyl)benzoyl]methionine (273.0 mg, 0.53 mmol) and 3 mL of MeOHA^HF 
(1:1). The flask was cooled to 0°C and 1 M lithium hydroxide (1.1 mL, 1.07 mmol) was 
added. The bath was removed and the reaction stirred for about 3 h, monitoring by TLC 
(1:1 EtOAc/Hexane). The solvent was removed under vacuum and the reaction diluted with 

7645 water. The mixture was extracted with EtOAc (3 x 10 mL), washed with brine (10 mL), 
dried over MgS04, filtered and concentrated under vacuum. Yield: 176.2 mg yellow 
solid. 

IH NMR (6, CDCI3): 7.9 (2H), 7.0-7.4 (lOH), 5.9 (IH), 5.7 (2H). 4.57 (IH), 4.3 (2H), 
2.0-2.2 (6H), 1.9 (2H), 1.5 (2H) 
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7650 Mass spec (ESI): 516 (M+1), 514 (M-1) CagHzgNsOsS'l.SO H2O 

Anal. Calc'd.: C 62.39 H 5.91 N 12.99. Found: C 62.43 H 5.64 N 12.83 




7655 Example 1 100 

N-r4-n-cvclohexylniethvltetrazol-5-ylmethvlV2-('2-nieth ylphenvnbenzovl1niethionine 

Procedure: Follow example 1 102 (product B). Yield: 105.7 mg, pale yellow solid. 
N-[4-(l-cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methyIphenyl)benzoyl]methionine. 
IH NMR (5, CDCI3): 7.95 (IH), 7.0-7.4 (5H), 5.9 (IH). 4.55 (IH), 4.3 (2H), 4.0 (2H), 

7660 2.9 (3H), 0.8-2.2 (20H) 

Mass spec (ESI): 522 (M+1), 520 (M-1) C28H35N5O3S«0.90 H2O«0.05 CH3CN 
Anal Calc'd.: C 62.51 H 6.90 N 13.10 Found: C 62.51 H 6.43 N 12.92 



7665 




Example 1101 

7V-r4-('2-benzvltetrazol-5-vlmethvlV2-(2-methvlphenvnbenzov llmethionine 

Procedure: Follow example 1099 (product B). Yield: 176.2 mg. 
7670 N-[4-(2-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]methionine. 

IH NMR (5. CDCI3): 7.92 (2H), 6.8-7.4 (lOH), 5.9 (IH), 5.4 (2H), 4.55 (IH). 4.2 (2H), 
2.0-2.2 (6H), 1.9 (2H), 1.55 (2H) 

Mass spec (ESI): 516 (M+1), 514 (M-1) C28H29N5O3S»1.30H2O 
Anal, calc'd.: C 62.39 H5.91 N 12.99 Found: C 62.43 H 5.65 N 12.53 

7675 
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SMe 



CO2H 



Rxample 1 102 

A/^-r442cvclohexvlmethvltetrazQl--5-vlmethvlV2-f2-methvlphc nvn^ 
7680 Procedure: Follow example 1099, except use bromomethylcyclohexane instead of 

benzylbromide (product A). Yield: 220.2 mg, pale yellow solid, A^-[4- 
(2cyclohexylmethyltetrazol-5-ylniethyl)-2-(2-methylphenyl)benzoyl]methionine 
IH NMR (5, CDCI3): 7,95 (IH), 7.0-7.5 (5H), 5.9 (IH), 4.55 (IH), 4.4 (2H), 4.3 (2H), 

2.9 (3H), 0.9-2.2 (20H) 
7685 Mass spec (ESI): 522 (M+1), 520 (M-1) C28H35N5O3S*0.50H2O 

Anal. Calc'd.: C 63.37 H 6.84 N 13.20 Found: C 63.58 H 6.54 N 12.80 




SMe 




N CO2H 
H 



7690 Example 1109 

N-f4-(3(SVcyclohexylmethoxvmethvlmorpholin-4- ylmethvn-2-f2- 

methylphenyPbenzoy 11 methionine 




7695 Example 1 109 A 

Q-Allvl-N-t-butoxvcarbonvl-L-serine 
Serine (5. 13 25.0 mmol) in 60 mL of DMF was cooled in an ice bath and treated 
with sodium hydride (60%, 3.30 g, 82.5 mmol) in 3 portions over 15 minutes and the 
mixture stirred until the ceasation of bubbling (-20 minutes). The mixture was treated with 
7700 allyl bromide (2.4 mL, 27.5 mmol) and after 5 minutes, the ice bath was removed. The 
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mixture was stirred for 1.5 hours at ambient temperature and then quenched by the careful 
addition of water. The pH of the solution was adjusted to 2 with IM aqueous phosphoric 
acid and extracted with 3 portions of ethyl acetate. The combined organic fractions were 
extrated with 3-30 mL portions of IN aqueous sodium hydroxide and the combined 
aqueous phases washed with ether. The pH of the aqueous phase was adjusted to 2 with 
IM aqueous phosphoric acid and extracted with 3 portions of ethyl acetate. The combined 
organic fractions were washed with water and brine, dried, filtered and concentrated to 
provide 6.10 g (99%) of the title compound. MS (DCI, NH3): 246 (MH+); 263 (M+NH4)^. 



A solution of example 1 109A (6.09 g, 24.8 mmol) in 30 mL of 50% aqueous DMF 
was treated with cesium carbonate (8.09, 24.8 mmol) and the mixture stirred 30 minutes. 
Methyl iodide (3.1 mL, 49,7 mmol) was added and the mixture stirred for 60 hours at 
ambient temperature. The mixture was diluted with water and extracted with 3 portions of 
ethyl ether. The combined organic extracts were washed with water, IN aqueous sodium 
hydroxide and brine, dried filtered and concentrated to provide 1.51 g (23%) of the title 
compound. MS (DCI, NH3): 260 (MH+); 277 (M+NH4)+. 



3(SVMethoxvcarbQnyl-4-t-butoxvcarbQnyl-5-hydrQxymorpholine 
Ozone was passed through a solution of example 1 109B (1.50 g, 5.8 mmol) in 20 
mL of 1 : 1 methanol/methylene chloride cooled in a dry ice/acetone bath until the solution 
turned blue. Nitrogen was passed through the cold solution until the blue color was 
discharged and then dimethyl sulfide (3 mL) was added and the cooling bath removed and 
the mixture stirred overnight and concentrated. The residue was dissolved in ether and 
washed with water, brine, dried, filtered and concentrated to provide 1.5 g of the title 
compound that was used directly. 




C02Me 
Example 1109B 
Q- Allvl-N-t-butoxvcarbonvl-L-serine. methyl ester 



O 




Example 1109C 
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F.xam ple 1 109D 
3(SVMcthQXY^arhonvl-4-t-butQxvcarbQnvlmonihQline 

7735 A solution of example 1 109C (522 mg, 2.0 mmol) in 4 mL of methylene chloride 

was cooled in an ice/acetone bath and triethylsilane (1.6 mL, lO.O mmol) was added. The 
solution was then treated with a solution of boron trifluoride etherate (0.27 mL, 2.2 mmol) 
in 1 mL of methylene chloride. After stirring 30 minutes, the bath was removed and stirring 
continued for 30 minutes and the mixture was quenched by the addition of 2M aqueous 

7740 sodium carbonate. The mixture was diluted with water and methylene choride and the 

layers separated. The aqueous layer was extracted with 2 portions of methylene chloride 
and the combined organic layers were dried, filtered and concentrated. The residue was 
purified by column chromatography on silica gel (40 g, 20% ethyl acetate/hexanes) to 
provide 200 mg (41%) of the title compound. MS (DCI, NH3): 246 (MH-+-); 263 

7745 (M4-NH4)+. 

Is^NBOC 

Example 11Q9E 
3(SVHvdroxvmethvl-4-t>butoxvcarbonylmorpholine 

7750 A solution of example 1 109D (376 mg, 1.53 mmol) in 4 mL of ethanol was treated 

with calcium chloride (310 mg, 3.06 mmol) nad the mixture stirred until a clear solution 
resulted. The solution was diluted with 2 mL of THF and then treated with sodium 
borohydride (232 mg, 6.13 mmol) and the mixture stirred for 4 hours. The reaction was 
quenched by the addition of water, diluted with 2M aqueous sodium carbonate and extracted 

7755 with 3 portions of methylene chloride. The combined organic fraactions were dried, filtered 
and concentrated to provide 268 mg (83%) of the title compound. MS (DCI, NH3): 2 1 8 
(MH+); 235 (M+NH4)-*". 

Is^NBOC 

7760 Example 1 109F 

3(SVBenzvioxymethvl-4-t-butoxvcarbonvlmorpholine 
A solution of example 1 109E (261 mg, L2 mmol) and benzyl bromide (0.18 mL, 
1 .44 mmol) in 1 mL of DMF was cooled in an ice bath and treated with sodium hydride 
(60%, 72 mg, L80 mmol) and the mixture stirred for 15 minutes. The cooling bath was 
7765 removed and stirring continued for 6 hours and then the mixture was quenched by the 
addition of water. The mixture was partitioned between water and 3 portions of ethyl 



- 376- 



wo 98/50030 



PCT/US98/09297 



acetate. The combined organic extracts were washed with water, brine, dried, filtered and 
concentrated. The residue was purified by colunin chromatography on sihca gel (20 g, 25% 
ethyl acetate/hexanes) to provide 275 mg (74%) of the title compound. MS (DCI, NH3): 
7770 308 (MH+); 325 (M+NH4)+. 

L^NBOC 

Fxample 11Q9G 

3(SVCvclohexvlmethvloxvmethvl-4-t-butoxycarbonylmorpholine 
7775 A solution of example 1 109F (270 mg, 0.88 mmol) in 15 mL of methanol was 

treated with 135 mg of 5% rhodium on alumina and stirred under 4 atmospheres of 
hydrogen gas for 24 hours. The mixture was filtered and concentrated to provide 274 mg 
(99%) of the title compound. MS (DCI, NH3): 314 (MH+). 




L ^NH*HCI L J 

7780 

Example 1 109H 
3(SVCyclohexylmethyloxymethylmorpholine 
Using the procedure of example 1 106C, example 1 109G (265 mg, 0.84 mmol) was 
converted to the title compound. MS (DCI, NH3): 214 (MH+). 

7785 



SMe 




COaMe 



Example 1 1091 

N-r4-GfS)-cyclohexvlmethoxvmethyiinorpholin-4-vlmethyn-2-(2- 
methylphenyPbenzovIlmethionine. methvl ester 
7790 Using the procedure described in example 1 106C, part 1, example 1 109H (204 mg, 

0.82 mmol) provided 29 mg (10%) of the title compound. MS (ESI+): 583 (MH+): (ESI-): 
581 (M-H). 
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7795 Example 11 09 J 

N-r4-GrSVcvclohexvlmethoxvmethvlmorphQlin-4-vlm ethvlV2-(2- 

methvlphenvl^bcnzovUmethionine 

Prepared according to the procedure of example 1 104D. H nmr (300 MHz., 
CD3OD): 6 7.64, d, IH; 7.48, d, IH; 7.14 - 7.34, m, 5H; 4,41, m, IH; 4.28, bd, IH; 
7800 3.85, dd, IH; 3.76, m, IH; 3.49, 3.70, m, 6H; 3.23, d, 2H; 2.82, m, 2H; 2.51, m, IH; 

2.06 - 2.24, m, 5H; 1.99, s, 3H; 1.93, m, 2H; 1.70, m, 6H; 1.55, m, IH; 1.09 - 1.32, m, 
4H; 0.92, m, 2H. MS (ESI+): 569 (MH+): (ESI-): 567 (M-H). CalcM for 
C32H44N2O5S*0.40 H2O; C 66.73; H 7.84; N 4.86; Found: C 66.72; H 7.82; N 4.71. 



7805 




SMe 



N CO2H 
H 



Example 111 IF 

A/-r4-r3fRVcvclohexvlmethoxvmethvlt hiomQrpholin-4-vlmethvn-2-(2> 

methvlphenvnbenzovllmethionine 

7810 

NHBOC 



Example 1 1 1 1 A 
3fSVcvclohexvlmethoxv-2-t-butox vcarhonvlaminoprQpan-l-ol 

Following the procedure of example 1 109G, example 1 108 A (l.OOg, 3.55 mmol) 

7815 was converted to 0.85 g (83%) of the title compound. MS (DCI, NH3): 288 (MH+). 
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7825 




NHBOC 

S'^COaEt 
Example HUB 

R42-t-butoxvcarbQnylaminQ-3-cvclohexvlmethvlQxv1pro pvimercaptoacetic acid, ethyl ester 
7820 Following the procedure described in example 1 106B (and substituting the potassium 

salt of ethyl mercaptoacetate for sodium thiomethoxide), example II 1 1 A (0.84 g, 2.9 1 
mmol) was converted to 0.89 g (78% overall) the title compound. MS (DCI, NH3): 390 
(MH+). 



p 




Example llllC 
3-Qxo>5rRVcvclohexylmethvloxvmethvl-t hiomorpholine 
Example 1 1 1 IB (0.88 g, 2.24 mmol) was dissolved in 4 mL of 4N HCl/dioxane and 
the mixture stirred overnight and concentrated. The residue was dissolved in 5 mL of 
7830 acetonitrile and diisopropylethyiamine (0.80 ml, 4.48 mmol) was added. The mixture was 
stirred for 1 hour at room temperature and 4 days at 65°C. The mixture was cooled to room 
temperature, diluted with water and exatracted with 3 portions of ethyl ether. The combined 
organic extracts were washed with IM aqueous phosphoric acid, water, brine, dried, filtered 
and concentrated. The residue was purified by cloumn chromatography on silica gel (30 g, 
7835 40% - 100% ethyl acetate/hexanes) to provide 0.35 g (65%) of the title compound. MS 
(DCI, NH3): 244 (MH+); 261 (M-hNH4)+. 




S 



NH 



Example 11 UP 

7840 5(RVcyclohexylmethyloxymethvl-thiomorDholine 

Following the procedure of example 1 178F, example II IIC (0.34 g, 1.40 mmol) 
provided 0.34 g (100%) of the title compound. MS (DCI, NH3): 230 (MH+). 
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SMe 



C02Me 




7845 Fxample 1 1 1 IE 

A^44-(3-fR^cvclohexylmethQxvmethvlthiomorphQlin-4-vlmethvlV 

methylphenyl^benzoyllmethionine. methvl ester 
Following the procedure of example 1 103C, example 1 1 1 ID (172 mg, 0.75 mmol) 
was converted to 67 mg (11%) of the title compound, MS (ESI+): 599 (MH+): (ESI-): 
7850 597 (M-H). 




SMe 




^C02H 

H 




Example 1 1 1 IF 

A^-f4-f3(RVcyclohexylmethoxvmethylthiomorpholin-4-ylmethvlV2-(2- 
7855 methylphenyPbenzoy 11 methionine 

Following the procedure of example 1 104D, the title compound was prepared. H 
nmr (300 MHz., CD3OD): 5 7.65, d, IH; 7.48, d, IH; 7.14 - 7.32, m, 5H; 4.40, m, IH; 
4.10, d, IH; 3.91, d, IH; 3.80, dt, IH; 3.24, dd, 2H; 3.16, m, 2H; 2.84, m, 2H; 2.56 - 
2.77, m, 3H; 2.05 - 2.13, m, 5H; 2.00, s, 3H; 1.93, m, 2H; 1.69, m, 6H; 1.55, m, IH; 
7860 1.09 - 1.32, m, 4H; 0.94, m, 2H. MS (ESI+): 585 (MH+): (ESI-): 583 (M-H). Calc'd 
for C32H4oN204S2^0.30 H2O; C 65.12; H 7.62; N 4.75; Found: C 65.14; H 7.72; N 

4.60. 
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SMe 



7865 

Example 1 1 14 

N-r4-(2fSVcvclohexvlmethQxymethylazetidin-l-vlmethvlV2'(2- 

methvlphenyDbenzoyllmethionine 

^^NBOC 

■ 

7870 ^ 

Example 1 1 14A 
N-t-Butoxycarbonvl-2rSVhvdroxymethylazetidine 
Azetidine-2-carboxylic acid (1.25 g, 12.4 mmol) was dissolved in 10 mL of 2M 
aqueous sodium carbonate and a solution of di-tert-butyldicarbonate in 10 mL of THE was 

7875 added and the mixture was stirred overnight. The mixture was diluted with water and ether 
and the layers were separated. The ether layer was washed with water and pH of the 
combined aqueous phases adjusted to - 2 with phosphoric acid. The mixture was extracted 
with 4 portions of 20% isopropanol/chloroform and the combined organic phases were 
dried, filtered and concentrated. The residue was dissolved in 15 mL of THE and cooled in 

7880 an ice bath. The solution was treated with 25 mL of borane in THE (IM, 25 mmol) and 

stirring was continued for 1 hour. The ice bath was removed and the solution stirred for 2 
hours and then quenched by the careful addition of 25 mL of 4: 1 THF/water. The mixture 
was stirred for 15 minutes, carefully treated with 25 mL of IN aqueous HCl, and diluted 
with ethyl acetate. The layers wre separated and the aqueous layer extracted with 2 additional 

7885 portions of ethyl acetate. The combined organic fractions were washed with 2M aqueous 

sodium carbonate, water, brine, and dried, filtered and concentrated to provide 2.18 g (94%) 
of the title compound. MS (DCI, NH3): 188 (MH+). 




7890 Example 1 1 14B 
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N-t-ButoxvcarhQnvl-2fSVbenzvloxvmethYlflzetidinc 
Following the procedure of example 1 109F, example 1 1 14A (0.94 g, 5 mniol) was 
converted to the crude product. The crude residue was purified by chromatography on silica 
gel (50 g, 20% ethyl acetate/hexanes) to provide 0.44 g, (32%) of the title compound. MS 
7895 (DCI, NHb): 278 (MH+). 



o 



NBOC 




Fxample 1 114C 
N-t-Butoxycarbonvl-2fSVcvclhexylmethvloxymethvlazetidine 

7900 Following the procedure described in example 1 109G, example 1 1 14B (0.43 g, 1 .56 

mmol) provided 0.42 g, (95%) of the title compound. MS (DCI, NH3): 284 (MH+). 



HCl 



Example 1 1 14D 

7905 2(SVcyclhexvlmethvloxvmethvlazetidine. hydrochloride salt 

Following the procedure described in example 1 106C, example 1 1 14C (0.42 g, 1 .48 
mmol) was converted to 0.32 g (100%) of the title compound. MS (DCI, NH3): 184 
(MH+). 



SMe 




COaMe 

^^^^ " 

7910 

Example 1 1 14E 

7V-r4-r2rS Vcvclohexvlmethoxvmethvlazetidin- 1 -vlmethvlV2-(2- 
methvlphenynbenzoyllmethionine. methvl ester 
Following the procedure described in example 1 106D, part 1, example 1 1 14D (220 
7915 mg, 1.0 mmol) provided 145 mg (53%) of the title compound. MS (ESI+): 553 (MH+): 
(ESI-): 551 (M-H). 
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Example 1 1 14F 

7920 jV-r4-f 2f S Vcyclohexvlmethoxvincthylazetidin- 1 -vlme thvl V2-(2~ 

methylphenyDbenzoyllmethionine 
Following the procedure of example 1 104D, example 1 14E (100 mg, 0.18 mmol) 
provided 92 mg (95%) of the title compound. H nmr (300 MHz., dmso d6): 6 8. 10, bd, 
IH; 7.47, d, IH; 7.33, d, IH; 7.20, m, 2H; 7.11, m, 3H; 4.21, m, IH; 3.83, d, IH; 3.54, 
7925 d, IH; envelope 3.07 - 3,48, m, 4H; 2.84, m, IH; 1.98 - 2.22, m, 5H; 1.97, s, 3H; 

envelope, 0.77 - 1.95, 17H. MS (ESI-f): 539 (MH+): (ESI-): 537 (M-H). CalcM for 
C3iH42N2O4S*0.90 H2O; C 67.09; H 7.96; N 5.05; Found: C 67.09; H 7.84; N 5.00. 



7930 




SMe 



^C02H 
H 



Example 1115 

N-f4-r2(S)-r3.5~difluorophenoxy^methvlpyrrQlidin-l -ylmethvlV2-(2- 

methylphenyDbenzoyllmethionine 



7935 



-dp 



BOG 



Example 11 15 A 
N>t-Butoxvcarbonyl-2(SV(3.5-difluorophenoxv)pvrrolidine 
A solution of N-t-butoxycarbonyl-2-hydroxymethylpyrrolidine (0.40 g, 2.00 
mmol), triphenylphosphine (1.05 g, 4.00 mmol), and 3,5-diflurorophenol (0.52 g, 4.00 
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7940 mmol) in 5 mL of 1 ,2-dichloroethane was cooled in an ice bath and treated with a solution 

of diethylazodicarboxylate (0.63 mL, 4.00 mmol) in 3 mL of toluene. The cooling bath was 
removed and the solution was stirred for 70 hours at ambient temperature. The mixture was 
diluted with ether and extracted with 4N aqueous sodium hydroxide, dried, filtered and 
concentrated. The residue was purified by column chromatography on silica gel (30 g, 10% 

7945 ethyl acetate/hexanes) provided 0.49 g, (80%) of the title compound. MS (DCI, NH3): 3 14 
(MH+). 



-dp 



►HCI 



O 

Example 1 1 1 5B 

7950 2rSVf3.5-difluorophenoxv^pvrrolidine. hyd rochloride salt 

Following the procedure of example 1 106C, example 1 1 15 A (0.48 g, 1 .53 mmol) 
was provided 0.35 g (91%) of the title compound. MS (DCI, NH3): 214 (MH+); 23 1 
(M+NH4)-^. 



SMe 




C02Me 



7955 

Example 1115C 

A^-r4-(2(SV(3.5-difluQrQphenQxv^methylpvrrolidin -l-vlmethvlV2-(2- 
methylphenyPbenzoynmethionine. methyl ester 
Following the procedure of example 1 106C, part 1, example 1 1 15B (0.19 g, 0.75 
7960 mmol) provided 0.22 g (76%) of the title compound. MS (ESI+): 583 (MH+): (ESI-): 
581 (M-H). 




SMe 



N CO2H 
H 
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Example 1115D 

7965 A^-r4-(2rSVr3.5-difluorophenoxvtoethvlpvrrnli Hin-l-vlmethvn-2-(2- 

methvlphenvnbenzoynmethionine 
Following the procedure of example 1104D, example 1 115C (0.21 g, 0.36 mmol) 
provided the title compound. nmr (300 MHz., CD3OD): 5 7.69, d, IH; 7.53, dd, IH; 
7.33, m. IH; 7.05 - 7.29, m, 4H; 6,48 - 6,62, m, 3H; 4.48, m, IH; 4.34, m, IH; 4.12, m. 
7970 3H; 3.65, m, IH; 3.31, m, IH; 2.96, m, IH; envelope 1.82 - 2.41, 13H; 1.68, m, IH. MS 
(ESI+): 569 (MH+): (ESI-): 567 (M-H). Calc'd for C3,H34F2N2O4S»0.35 H2O; C 64.76; 

H 6.08; N 4.87; Found: C 64.72; H 5.97; N 4.75. 



7975 




SMe 




N CO2H 
H 



Example 1 116 

A^-|"4-(2fSVcyclohexyloxymethylpyrrolidin- 1 -ylmethylV2-(2- 

methylphenvnbenzoyllmethiomne 



7980 



O 

Example 1 116A 
N-t-Butoxvcarbonvl-2(SVphenQXvmethvlpvrrolidine 
Following the procedure of example 1 1 15 A, N-t-butoxycarbonyl-2- 
hydroxymethylpyrrolidine (0.80 g, 4.00 mmol) and phenol (1.13 g, 12.00 mmol) provided 
7985 0.99 g (89%) of the title compound. MS (DCI, NH3): 278 (MH+). 



Q 



V-NBOC 

Example I116B 
N-t-Butoxycarbonyl-2(SVcyclohexyloxymethvlpvrroIidine 



-385 - 



wo 98/50030 



PCT/US98/09297 



Following the procedure of example 1 109G, example 1 1 16A (0.56 g, 2.00 mmol) 
provided 0.55 g (96%) of the title compound. MS (DCI, NH3): 284 (MH+). 




NH-HCI 

y 

Example 1116C 
2(SVcyclohexyloxymethvlpvrrolidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 1 16B (0,54 g, 1.90 mmol) 
provided 0.41g (99%) of the title compound. MS (DCI, NH3): 184 (MH+); 201 
(M+NH4)^. 

^ SMe 




COoMe 

H 



Example 1116D 
A^-r4~(2fS)-cvclohexyloxymethvlpvrrolidin- 1 -vlmethylV2-r2- 
methylphenyDbenzoyllmethionine. methyl ester 
Following the procedure of example 1 106D, part 1, example 1 1 16C (0.22 g, 1.00 
mmol) provided 0.22 g (83%) of the title compound. MS (ESI+): 553 (MH4-): (ESI-): 
551 (M-H). 



SMe 




CO2H 



Example 1116E 
N-\4'( 2f S Vcyclohexyloxymethylpy rrolidin- 1 -y lmethvlV2-(2- 

methylphenynbenzoyllmethionine 
Following the procedure of example 1 104D, example 1 1 16D (0.22 g, 0.40 mmol) 
provided 0.18 g (81%). nmr (300 MHz., dmso d6): 5 8.09, bd, IH; 7.48, d, IH; 7.36, 
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8015 d, IH; 7.21, m, 2H; 7.13, m, 3H; 4.21, m, 2H; 3.49, d, IH; envelope 3.15 - 3.45, 3H; 

2.84, m, IH; 2.70, m, IH; 2.00 - 2.29, m, 7H; 1.96, s, 3H; 1.34 - 1.94, m, 8H; 1.18, m, 
6H. MS (ESI+): 539 (MH+): (ESI-): 537 (M-H). Calc'd for C3iH42N2O4S«0.50 H2O; C 
67.98; H 7.91; N 5.11; Found: C 67.95; H 7.81; N 5.05. 



8020 



8025 




SMe 




N CO2H 
H 



Example 1 1 17 

A^-r4-f2fSVcvclohexvlniethvloxvniethvl-4>4-difluoropv rrolidin-l-vlniethvlV2-(2- 

methylphenvDbenzovnmethionine 



BnO 




NBOC 

f 

Example 1 1 17 A 

N-t-butoxvcarbonvl-2fSVhvdrQxvmeth vl-4(RVbenzvlQxvpvrrolidine 
A solution of trans-N-t-butoxycarbonyl-4-benzyloxy-L-proline (3.32 g, 10.3 mmol) 

8030 in 20 mL of THE was cooled in an ice/acetone bath and a solution of borane in THE ( 1 M, 
20.6 mL, 20.6 mmol) was added dropwise. The solution was stirred for 2 hours then the 
cooling bath was removed and the mixture stirred overnight. The reaction was quenched by 
the careful addition of water followed by the addition of 20 mL of IN aqueous HCl and then 
poured into ethyl acetate. The layers were separated and the aqueous layer extracted with 2 

8035 portions of ethyl acetate. The combined organic extracts were 2M aqueous sodium 

carbonate, water and brine, dried, filtered and concentrated to provide 3. 19 g ( 100%) of the 
title compound. MS (DCI, NH3): 308 (MH+), 

BnO 




8040 
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Rxample 1117B 

N-t-butoxvcarbQnvK2rSVethoxvmethvloxvmethvl^4rRVhenzvlo xvpvrrolidine 
A solution of example 1 1 17 A (2. 14 g, 7.00 mmol) in 15 mL of methylene chloride 
was cooled in an ice bath and treated with diisopropylethylamine (1.87 mL, 10.50 mmol) 
8045 followed by the addition of chloromethylethyl ether (0.97 mL, 10.50 mmol). The cooling 
bath was removed, the mixture stirred for 24 hours and then poured into 100 mL of ethyl 
ether. The organic phase washed with water, aqueous HCl, brine, dried, filtered and 
concentrated to provide 2.32 g (94%) of the title compound. MS (DCI, NH3): 366 (M + 
NH4)+. 

8050 




Example 1117C 

N-t-butoxvcarbonvl-2(S)-ethoxymethvloxymethyl'4fRVhvdrox ypvrrolidine 
A solution of exaomple 1 1 17B (2.29 g, 6.50 mmol) in 20 mL of degassed methanol 
8055 was treated with Perleman's catalyst (0.40 g) and then the mixture was stirred under a 

balloon of hydrogen gas overnight. The mixture was diluted with ethyl acetate and filtered 
through a plug of silica gel. The silica gel plug was washed well with ethyl acetate and the 
filtrated concentrated to provide L77 g (99%) of the title compound. MS (DCI, NH3): 276 
(MH+). 

8060 




Example 1 1 17D 

N-t-butoxvcarbonvl-2fSVethoxvmethyloxvmethvl-4-oxopvrrolidine 
A solution of example 1 1 17C (0,99 g, 3.59 mmol) in 20 mL of 10% 
8065 acetonitrile/methylene chloride was treated with powdered, activated 4A molecular sieves ( 1 
g), 4-methylmorpholine-4-oxide (0.63 g, 5.38 nmiol) and the mixture stirred for 30 
minutes. The suspension was treated with tetrapropylammonium perruthenate (0.04g, 0. 1 1 
mmol) and the resulting black mixture stirred for 30 minutes. The mixture was treated with 
~ 3 g of celite and diluted with 30 mL of ether and stirred for 20 minutes. The suspension 
8070 was then filtered through a pad of silica gel (which was washed well with ether) and the 
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filtrate conecentrated to provide 0.91 g (93%) of the title compound. MS (DCI, NH3): 274 
(MH+); 291 (M+NH4)+. 




NBOC 



8075 Example 1117E 

N-t-butoxvcarbonvl-2(SVethQxvmethvloxvmethyl-4.4-difl uorQpvrrolidine 

A solution of example 1 1 17D (0.90 g, 3.30 mmol) in 20 mL of methylene chloride 

was cooled in an dry ice/acetone bath and treated with DAST (1.80 mL, 13.20 mmol). The 

bath was removed and the mixture stirred for 48 hours, cooled in an ice bath and carefully 

8080 quenched by the addition of 2M aqueous sodium carbonate. The layers were separated and 

the aqueous layer was extracted with 2 additional portions of methylene chloride and the 

combined organic fractions were dried, filtered and concentrate. The residue was purified 

by column chromatography on silica gel (40 g, 15% ethyl acetate/hexanes) provided 0.70 g 

(72%) of the title compound. MS (DCI, NH3): 296 (MH+); 313 (M+NH4)+. 




NBOC 

f 
HO-^ 



Example 1117F 

N-t-butoxvcarbonvl-2fSVhvdroxymethyl-4.4-difluoropyrrolidine 
A solution of example 1 1 17E (0.69 g, 2.30 mmol) in 10 mL of methanol was treated 
with 0.5 mL of concentrated aqueous HCl and the mixture stirred overnight. The yellow 
8090 solution was poured into 2M aqueous sodium carbonate and concentrated to remove the 

methanol. The mixture was diluted with THF and ~ 1 g of di-t-butyldicarbonate was added 
and the mixture stirred for 3 hours and diluted with ethyl ether. The phasees were separated 
and the aqueous phase was extracted with 3 portions of methylene chloride. The combined 
organic phases were dried, filtered and concentrated to provide 0.48 g (88%) of the title 
8095 compound. MS (DCI, NH3): 238 (MH+); 255 (M+NH4)-^. 




Example 1 1 17G 
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N-t-butoxvcarhQnvl-2(S)"henzvloxvmethvl-4.4>^difluQrop vrrolidine 
8100 Following the procedure of example 1 109F, example 1 1 17G (0.24 g, 1 .00 mmol) 

« 

provided 0.26 g (78%) of the title compound. MS (DCI, NH3): 328 (MH+). 



F F 




Example 1 1 17H 

8105 N-t-hutQxvcarbonvl-2(SVcvclohexvlmethvloxvmethvl-4.4 -difluoropvrrolidine 

Following the procedure of example 1 i09G, example 1 1 17G (0.25 g, 1 . 10 mmol) 

provided 0.22 g (87%) of the title compound. MS (DCI, NH3): 334 (MH+). 

f; F 




Example 11171 

8110 2(SVcyclohexylmethyloxymethvl-4.4-difluorQpyrrolidin e. hydrochloride salt 

Following the procedure of example 1 106C, example 1 1 17H (0.22 g, 0.92 mmol) 
provided 0. 17 g (98%) of the title compound. MS (DCI, NH3): 234 (MH+). 




SMe 



N C02Me 
H 



8115 Example 11 17 J 

A^-r4-(2fSVcvclohexylmethvloxvmethvl-4.4>-difluorop yrrolidin-l-vlmethvn-2-(2- 

methylphenyl'^benzoyllmethionine. methyl ester 

Following the procedure of example 1 106D, part 1, example 1 1 171 (0. 16 g, 0.60 

mmol) provided 0.13 g (43%) of the title compound. MS (ESI+): 603 (MH+): (ESI-): 

8120 601 (M-H). 
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Example 1 1 17K 

A/-r4-(2(SVcvclohexylmethvloxvmethvl-4.4-difluoropvrrolidin-l-vlmethyl)-2-(2- 
8125 methylphenvltbenzoynmethionine 

Following the procedure of example 1 104D, example 1 1 17J ( 123 mg, 0.20 mmol) 
provided 1 16 mg (98%) of the title compound. H nmr (300 MHz., CD3OD): 5 7.62, d, 
IH; 7.43, d, IH; 7.13 - 7.32, m, 5H; 4.44, m, IH; 4.26, d, IH; 3.56, d, IH; 3.54, dd, IH; 
3.48, dd, IH; 3.24, m, 2H; 3.10, m, IH; 2.71, m, IH; 2.37, m, IH; 2.03 - 2.25, m, 6H; 
8130 2.00, s, 3H; 1.87 - 2.00, m, IH; 1.68, m, 5H; 1.53, m, IH; 1.18, m, 3H; 0.90, m, 2H. 
MS (ESI+): 589 (MH+): (ESI-): 587 (M-H). Calc'd for C32H42F2N2O4S ; C 65.28; H 

7.19; N 4.76; Found: C 64.99; H 7.16; N 4.54. 




SMe 




N CO2H 
H 

J 

8135 

Example 1118 

A^-[4-(2-methoxymethyl-5-benzylpyrrolidin- 1 -ylmethylV2-(2- 

methylpheny Dbenzoy 1] methionine 

8140 TBSO-^ 

Example 1 1 18A 

5(SVt-butyldimethylsiloxymethyl-2--pyrrolidinone 

A stirred solution of 5(S)-hydroxymethyl-2-pyrrolidinone (5.00 g, 0.043 moi) in 20 

mL of DMF was treated with imidazole (6.81 g, .10 mol) and then t- 

8145 butyldimethylchlorosilane (7.20 g, 0.047 mol) and the mixture stirred for 2 hours. The thick 
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8150 



mixture was diluted with water and extracted with 3 portions of ethyl acetate. The combined 
ethyl acetate layer were washed with water, brine, dried filtered and concentrated to provide 
7.50 g (75%) of the title compound. MS (DCI, NH3): 230 (MH+); 247 (M+NH4)+. 

V-NBOC 

TBSO-^ 

Example 1118B 

N-t-butoxvcarhonvI-5(^SVt-butvldimethylsiloxymethvl-2-pyrrolidinone 
A stirred solution of example 1 1 18A ( 1 .65 g, 7.20 mmol) in 5 mL of acetonitrile at rt 
was treated with DMAP (0.15 g, 1.25 mmol) and ditertbutyldicarbonate (1.09 g, 7.20 mmol) 
8155 and the mixture stirred at ambient temperature for 48 hours at which time an additional 0.80 g 
of ditertbutyldicarbonate was added. The mixture was stirred an additional 6 hours and then 
diluted with 80 mL of ether and washed with IM aqueous phosphoric acid, water, brine, 
dried filtered and concentrated. The residue was purified by column chromatography on 
silica gel (100 g, 15% ethyl acetate/hexanes) to provide 1.50 g (63%) of the title compound. 
8160 MS(DCI, NH3): 347 (M+NH4)+. 




NBOC 



i 

HO-- 



Example 1118C 

N-t-butoxvcarbonvl-2(SVhvdroxvmethvl-5fS Vhenzvlpvrrolidine 
8165 A solution of example 11 18C (1.05 g, 3.17 mmol) in 10 mL of toluene was cooled in 

a dry ice/acetone bath and treated with diisobutylaluminum hydride (3.2 mL of a 1.5M 
solution in toluene, 4.75 mmol) and the mixture stirred for 1 hour. The dry ice bath was 
replaced with an ice/acetone bath and the mixture stirred for an additional hour and then 
quenched with the careful addition of methanol (0.25 mL) and stirring continued until the 
8170 evolution of gas ceased. The solution was then treated with IN aqueous HCl and ethyl 

acetate and the mixture stirred until 2 clear phases resulted. The aqueous layer was extracted 
with ethyl acetate and the combined organic fractions were washed with IN HCl, saturated 
sodium bicarbonate, brine, dried, filtered and concentrated. The residue was dissolved in 10 
mL of methylene chloride and cooled in a dry ice/acetone bath and then treated with boron 
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8175 trifluoride etherate (0.41 mL, 3.34 mmol) followed by benzylmagnesium chloride (4 mL of a 
2.0M solution in THF, 8.00 mmol) and the mixture stirred for 1.5 hours and quenched by 
the addition of saturated sodium bicarbonate. The cooling bath was removed and the mixture 
allowed to reach room temperature. The mixture was diluted with ether and extracted with 
water and then 3N aqueous HCl. The combined organic layers were back extracted with 

8 1 80 ether and the combined organic extracts dried, filtered and concentrated. The residue was 
diluted with THF (10 mL) and treated with TBAF (10 mL of a l.OM THF solution, 10.0 
mmol) and the mixture stirred overnight. The mixture was diluted with water and extracted 
with 3 portions of ethyl acetate. The combined organic fractions were washed with water, 
brine, dried, filtered and concentrated. The rsidue was purified by column chromatography 

8185 on silica gel (50 g, 30% ethyl acetate/hexanes) to provide 0.15 g (16%) of the title 
compound. MS (DCI, NH3): 292 (MH)+ 




i 

MeO-^ 

Example 1118D 

8190 N-t>butoxvcarbonvl-2(SVmethoxymethvl-5'benzvlpvrrolidine 

A solution of example 1 1 18C (224 mg, 0.77 mmol) in 1 mL of DMF wa treated with 
methyl iodide (96 |lIL, 1.54 mmol) and cooled in an ice bath. The mixture was treated with 
sodium hydride (60%, 62 mg, 1.54 mmol) and after 10 minutes the cooling bath removed 
and stirring continued for 2 hours. The reaction was quenched by the addition of water and 

8 195 the the mixture diluted with water and extracted with 3 portions of ethyl ether. The combined 
organic fractions were washed with water, brine, dried filtered and concentrated. The 
residue was purified by column chromatography on silica gel (20 g, 20% ethyl 
acetate/hexane) to provide 158 mg (67%) of the title compound, MS (DCI, NH3): 306 
(MH)-^. 

8200 
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Example 1 1 1 8E 
?/5;Vmethoxvmethyl-5-benzylpvrrolidine. hvdro f-hloride salt 
Following the procedure of example 1 106C, example 11 18D (152 mg, 0.5 mmol) 
8205 provided 1 10 mg, (91%) of the title compound. MS (DCI, NH3): 306 (MH)+. 




SMe 



C02Me 



F.x ample 1118F 
/V-r4-('2-methnxvmethvl-5-hen7vlPV TTnlidin- 1 -vlmethvl)-2-(2- 
8210 methvlphenvl^henzovnmethionine . methvl ester 

Following the procedure of example 1 106D, part 1, example 1 1 18E (106 mg, 0.44 
mmol) provided 95 mg (41%) of the title compound. MS (ESI+): 575 (MH+): (ESI-): 573 
(M-H). 




SMe 



CO2H 



8215 

Example 1118G 
A^-r4-(2-mp.thoxvmethYl-5-henzvl pvrrolidin- 1 -vlmet.hvl)-2-(2- 

fnethvlphenvnbftnznvllmethionine 
Following the procedure of example 1 105D. example 1 1 18F (88 mg, 0. 15 mmol) 
8220 provided 50 mg (60%) of the title compound. H nmr (300 MHz., dmso d6): 5 8. 1 1 , d, 

IH; 7.48, m, 2H; 7.19, m, 8H; 7.03, d, 2H; 4.22, m. IH; 4.08, d, IH; 3.93, d, IH; 3.22, 
s, 3H; 3.09, m, 2H; 2.94, dd, IH; 2.37, dd, IH; 1.99 - .22, m, 4H; 1.97, s. 3H; 1.78, bm, 
2H; 1.56, m, 2H; 1.42, m, 2H. MS (ESI+): 561 (MH+): (ESI-): 559 (M-H). Calc'd for 
C33H4oN204S«0.43 HjO; C 69.72; H 7.24; N 4.93; Found: C 69.72; H 7.1 1; N 4.78. 



8225 
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SMe 




H 



8230 



Rxam ple 1119 

A^-[4>(2-cvclQhexvlmethoxvinethvlpvrrQlidin-1-Ylrriethyl) -2-(2- 

methvlphenynbenzovllmethionine 



V^NBOC 



8235 



Rxample 1 1 19 A 
]s[-t-Riitoxvcarbonvl-2(RVhen 7.vlnxvmethvlnvtTQlidine 

Following the procedure of example 1 109F, N-t-butoxycarbonyl-2(R)- 
hydroxymethylpyrrolidine (1.06 g, 5.00 mmol) provided 1.20 g (82%) of the title 
compound. MS (DCI. NH3): 292 (MH)+ 




NBOC 



8240 



F.x ample 11 19B 

N-t-Rutoxvcarhonvl- irRVcvclo hexvlmethoxymethvlpyrrolidine 
Following the procedure of example 1 109G, example 1 1 19A (0.60 g, 2.06 mmol) 
provided 0.59 g (97%) of the title compound. MS (DCI, NH3): 298 (MH)+. 



8245 




NH'HCI 



Example 1119C 
?. (RVcvclQhexvlmethoxvmethvlpvrrolidi ne. hydrochloride salt 
Following the procedure of example 1 106C, example 1 1 19B (573 mg, 1.93 mmol) 
provided 467 mg (100%) of the title compound. MS (DCI, NH3): 198 (MH)+. 



-395- 



wo 98/50030 



PCT/US98/09297 



8250 




SMe 




N COaMe 
H 



Example 1119D 
N-f4-(2-cvclQhexvlmethoxvmethyIpvrrolidi n> 1 -ylmethvlV2-(2- 
methylphenvnbenzQvUmethionine. methvl ester 
8255 Following the procedure of example 1 106C, example 1 1 19C ( 175 mg, 0.75 mmol) 

provided 181 mg (64%) of the title compound. MS (ESI+): 567 (MH+): (ESI-): 565 (M 
H). 



SMe 




CO2H 



8260 Example 1 119E 

Ar-r4-(2-cvclohexvlmethoxvmethvlpvrrQlidi n- 1 -vlmethvlV2-f 2- 

methvlphenvl^benzovllmethionine 
Following the procedure of example 1 104D, example 11 19D ( 174 mg, 0.3 1 mmol) 
provided 163 mg (95%) of the title compound.. nmr (300 MHz., dmso d6): 5 8. 10, d, 
8265 IH; 7.47, d, IH; 7.36, d, IH; 7.20, m, 2H; 7.11, m, 3H; 4.21, m, IH; 4.17, d, IH; 3.48, 
d, IH; 3.18, m, 2H; 2.85, m, IH; 2.76,m, IH; 1.98 - 2.30, m, 7H; 1.97, s, 3H; 1.70 - 
1.90, m, 3H; 1.62, m, 7H; 1.49, m, 2H; 1.10, m, 4H; 0.88, m, 2H. MS (ESI+): 553 
(MH+): (ESI-): 551 (M-H). Calc'd for C32H44N2O4S*0.50 H2O; C 68.42; H 8.07; N 
4.99; Found: C 68.47; H 7.82; N 4.77. 

8270 
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SMe 



BnQ 




N CO2H 

MeO ^ ' II I 

Example 1 1 20 

A^-[4-f2-benzyloxvmethyl-4-methoxypvrrolidin-l-vlmethyIV2-^ 
8275 methylphenyl'ibenzoynmethionine 



V-NBOC 



MeO' 



Example 1120A 

N-t-Butoxvcarbonyl-2(SVethQxvmethvloxvmethvl-4(RVmethoxvpvrrolidine 
8280 Following the procedure of example 1 1 18D, example 1 1 17C (0.76g, 2.76 mmol) 

provided 0.64 g (80%) of the title compound. MS (DCI, NH3): 290 (MH)+ 



Me 



> — y^OH 
V-NBOC 



Example 1120B 

8285 N-t-ButoxvcarbQnvl-2fSVhvdroxvmethvl-4(R Vmethoxvpvrrolidine 

Following the procedure of example 11 17F, example 1 120A (0.64g, 2.21 mmol) 
provided 0.39 g (77%) of the title compound. MS (DCI, NH3): 232 (MH)+. 



MeO 




8290 Example 1120C 

N-t-ButoxvcarbonvI-2rSVBenzvloxvmethvl-4fRVm ethoxvpvrrolidine 

Following the procedure of example 1 109F, example 1 120B (0.39 g, 1 .68 mmol) 
provided 0.42 g (78%) of the title compound. MS (DCI, NH3): 332 (MH)+. 



Me 

8295 

Example 1120D 

2fSVBenzvloxymethvl-4fRVmethoxypyrrolidine. hvdrochl oride salt 
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Following the procedure of example 1 106C, example 1 120C (0.41 g, 1,28 mmol) 
provided0.32g(97%)of the title compound. MS (DCI, NH3): 232 (MH)+ 

8300 




Example 1 1 20E 

/^-r4-r2-benzvloxvmethvl-4-methoxvpvrrolidin- 1 -v lmethvl V2-(2- 
methvlphenvnbenzovllmethionine. methyl ester 
Following the procedure of example 1 106D, part 1, example 1 120D (0,26 g, 1 .00 
mmol) provided 0.21 g (70%) of the title compound. MS (ESI+): 591 (MH+): (ESI-): 589 
(M-H). 




8310 Example 1120F 

A^-r4-f2-benzyloxvmethvl-4-methoxypyrrolid in-l-vlmethvlV2-(2- 

methylphenvDbenzovH methionine 
Following the procedure of example 1104D, example 1120E (197 mg, 0.33 mmol) 
provided 163 mg (86%) of the title compound. nmr (300 MHz., dmso d6): 6 8.12, d, 
8315 IH; 7.48, d, IH; 7.36, dd, IH; 7.27, m, 5H; 7.20, m, 2H; 7.13, m, 3H; 4.48, s, 2H; 4.21, 
m, 2H; 3.82, m, IH; 3.53, m, 2H; 3.42, m, 2H; 3.14, s, 3H; 1.99 - 2.30, m, 6H; 1.96, s, 
3H; 1.64 - 1.90, m, 4H. MS (ESI+): 577 (MH+): (ESI-): 575 (M-H). CalcM for 
C33H4oN205S»0.55 H2O; C 67.56; H 7.06; N 4.77; Found: C 67.56; H 7.02; N 4.80. 

8320 




Example 1121 



-398- 
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A^44-r2-ben7vloxvmethvl-4-rnetho xvpvrrolidin-l-vlmethvlV2-(2- 

mpth yiphenvnbe nzQvllmethionine 



8325 



COaMe 

Me 



N^NBOC 

F.x ample 1 121 A 
N-t-Butoxvcarbonvl-4(SVmfithvoxv -T .-proline, methvl ester 
Following the procedure of example 1 1 18D, N-t-butoxycarbonyl-4(S)-hydroxy-L- 
8330 proline, methyl ester ( 1 .22 g. 5.00 mmol) provided 1 .04 g (80%) of the title compound. 
MS (DCI. NH3): 260 (MH+); 277 (M4-NH4)+. 



MeO 




Example 112 IB 

8335 N-t-Butoxvcarhonvl-2fSVhvdroxvme thvl-4(SVmethvoxvDvrrolidine 

Following the procedure of example 1 109E, example 1 121 A (1.03 g, 3.97 mmol) 
provided 0.83 g (90%) of the title compound. MS (DCI, NH3): 232 (MH+). 



MeO 




8340 Example 1121C 

N-t-Riitnxvcarbonvl-2('SVbenzvloxvmethvl-4 <'SVmethvoxvDvrrolidine 

Following the procedure of example 1 109F, example 1 121B (0.41 g, 1.78 mmol) 
provided 0.46 g (80%) of the title compound. MS (DCI, NH3): 322 (MH+). 



\^NH-HCI 



Me 

8345 

Example 1 121D 

2rSVbenzvloxvmethvl-4(SVmethvoxv pvrrolidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 12 IC (228 mg, 0.7 1 mmol) 
provided 183 mg (100%) of the title compound. MS (DCI, NH3): 222 (MH+). 

8350 
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8355 



MeO 




SMe 



CO2H 



Example 1 12 IE 

N-f4-(2-benzylQxymethyl-4-methoxvpvrrQlidin-l-ylmethvl)-2-(2- 
methylphenynbenzovllmethionine. methyl ester 
Following the procedure of example 1 106D, part 1, example 1 121D (178 mg, 0.69 
mmol) provided 210 mg (71%) of the title compound. MS (ESI+): 591 (MH+): (ESI-): 
589 (M-H), 



BnQ 



MeO 




SMe 




N COpH 
H ^ 



8360 Example 112 IF 

iV-r4-(2-benzyloxymethyl-4-methoxypyrrolidin" 1 -ylmethy 1 V2-f 2- 

methylphenynbenzoyllmethionine 
Following the procedure used in example 1 104D, example 1 12 IE (204 mg, 0.34 
mmol) provided 195 mg (99%) of thetitle comppound, nmr (300 MHz., dmso d6): 5 
8365 8.08, d, IH; 7.45, d, IH; 7.33, d, IH; 7.28, m, 5H; 7.21, m, 2H; 7.14, m, 3H; 4.49, s, 
2H; 4.22, m, IH; 4.18, m, IH; 3.79, m, IH; 3.56, dd, IH; 3.43, dd, IH; 3.09, s, 3H; 
2.90, d, IH; 2.75, m, IH; envelope 1.99 - 2.35, IIH; 1.97, s, 3H; 1.78, bm, 2H; I.5I, 
ddd, IH. MS (ESI+): 577 (MH+): (ESI>): 575 (M-H). CalcM for C33H4oN205S^0.45 
H2O; C 67.77; H 7.05; N 4.79; Found: C 67.80; H 6.93; N 4.62. 



8370 
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SMe 




N COpH 
H ^ 



Example 1 122 

A^-f4~(2-cvclohcxvloxymethyl-5-propylpyrrolidin-l-ylmethyl)"2 
8375 methylphenyl'^benzoyllmcthionine 

TBSO 

X^NBOC 
HO 

Example 11 22 A 

N-t-Butoxycarbonyl~2fR,SVhydroxy-5(SVt-butyldimethylsilQxymethylpyrrQlidine 
8380 Example 1 1 18B (3.10 g, 9.36 mmol) was dissolved in 20 mL of toluene and cooled 

in a dry ice/acetone bath. The cold solution was treated with diisobutylaluminum hydride 
(9.4 mL of a 1.5M toluene solution, 14.0 mmol), the dry ice bath was removed and the 
mixture stirred for 2 hours. The mixture was cooled in an ice/acetone bath and quenched by 
the careful addition of 10 mL of a 10% methanol/toluene solution. After the ceasation of 
8385 bubbling, the mixture was treated with 75 mL of IN aqueous HCl and 100 mL of ether and 
vigorously stirred for 30 minutes and poured into a separatory funnel. The layers were 
separated and the aqueous layer was extracted with 2 portions of ether and the combined 
organic fractions were washed with IN HCl, water and brine, dried, filtered and 
concentrated to provide 2.93 g (94%) of the title compound. MS (DCI, NH3): 332 (MH+); 
8390 3 1 4 (M+NH4)+ - H2O. 



HQ 




Example 1122B 
N-t-Butoxycarbonyl-5(SVallvl"2(SVhvdroxymethylpyrrolidine 
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8395 A solution of example 1 122A (663 mg, 2 mmol) and allyltrimethylsilane ( 1 .2 mL, 8 

mmol) in 12 mL methylene chloride was cooled in a dry ice/acetope bath and treated with 
boron trifluoride etherate (0.49 mL, 4.00 mmol) dropwise. The solution was stirred for 30 
minutes and then the dry ice bath was replaced with an ice/acetone bath and the mixture 
stirred an additional 30 minutes and quenched by the addtion of 2M sodium carbonate. The 

8400 mixture was diluted with water and methylene chloride and the layers separated. The 
aqueous phase was extracted with 2 additional portions of methylene chloride and the 
combined organic fractions were dried, filtered and concentrated. The residue was dissolved 
in 4 mL of THF and treated with TBAF (4 mL of a LOM THF solution, 4 mmol) and the 
mixture stirred overnight. The reaction was partitioned between water and 3 portions of 

8405 ethyl acetate. The combined organic extracts were washed with water, brine, dried, filtered 
and concentrated. The residue was purified by column chromatography on silica gel (25 g, 
30% ethyl acetate/hexanes) to provide 227 mg (47%) of the title compound. MS (DCI, 
NH3): 242 (MH+). 



8410 




Example 1 1 22C 

N-t-Butoxycarbonyl'-5(S)-allyl-2(S)-benzyloxymethylpyrrolidine 
Following the procedure of example 1 109F, example 1 122B (223 mg, 0.92 mmol) 
provided 250 mg (82%) of the title compound. (DCI, NH3): 332 (MH+). 

8415 




Example 1122D 

N-t-Butoxycarbonyl-5(RVpropyl-2fS)"Cyclohexylmethyloxvmethvlpvrrolidine 
Following the procedure of example 1 109G, example 1 122C (245 mg, 0.74 mmol) 
8420 provided 246 mg (100%) of the title compound. (DCI, NH3): 340 (MH+). 
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Example 1 122E 

5(R)-propyl-2(SVcyclohexylmethvloxvmethvlpvrrolidine. hydrochloride salt 
8425 Following the procedure of example 1 106C, example 1 122D (245 mg, 0.74 mmol) 

provided 204 mg (100%) of the title compound. (DCI. NH3): 240 (MH+). 




Example 1122F 

8430 A^-|"4-(2rS)-cyclohexylmethyloxymethyl-5(R)-propylpyrrolidin-l-ylmethyl)-2-(2- 

methylphenynbenzoyllmethionine. methyl ester 
Following the procedure of example 1 106D, part 1, example 1 122E (204 mg, 0.74 
mmol) provided 1 10 mg (36%) of the title compound. MS (ESI+): 609 (MH+): (ESI-): 
607 (M-H). 

8435 




Example 1122G 

A^-r4-f2-cyclohexyloxymethyl-5-propylpyrrolidin-l-ylmethyn-2-(2- 

methylphcnyl)benzoyl]methionine 
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8440 Following the procedure of example 1 104D, example 1 122F (104 mg, 0. 17 mmol) 

provided 87 mg (86%) of the title compound. H nmr (300 MHz., dmso d6): 5 8.04, d. 
IH; 7.46, d, IH; 7.35, d, IH; 7.20, m, 2H; 7.13, m, 3H; 4.22, m, IH; 3.83, dd, 2H; 3.08, 
m, 2H; 3.04, d, 2H; 2.88, pentet, IH; 2.63, m, IH; 1.99 - 2.24, m, 6H; 1.96, s, 3H; 1.77, 
bm, 4H; 1.59, m, 6H; envelope 1.00 - 1.55, IIH; 0.81, m, 5H. MS (ESI+): 595 (MH+): 

8445 (ES1-): 593 (M-H). Calc'd for C35H5oN204S»0.55 H2O; C 69.51; H 8.52; N 4.63; 

Found: C 69.54; H 8.32; N 4.58. 




SMe 



N CO2H 
H 

8450 Example 1123 

A^-r4-(2(SVcyclohexylmethoxymethyl-4(RVmethoxypyrrolidin 

methylphenyPbenzoynmethionine 



Me 



V-NBOC 



8455 Example 1 123A 

N-t-Butoxycarbonyl-2fS)-cyclohexymethyloxymethyl-4fSVmethyoxypyrrolidine 
Following the procedure of example 1 109G, example 1 1 12C (227 mg, 0.71 mmol) 
provided 232 (100%) of the title compound. (DCI, NH3): 328 (MH+). 

MeO— < I ° >3 

8460 ^NH.HCI 

Example 1123B 

2fSVcyclohexymethyloxymethyl-4(S)-methyoxypyrrolidine, hydrochloride salt 
Following the procedure of example 1 106C, example 1 123 A (232 mg, 0.7 1 mmol) 
provided 187 mg (100%) of the title compound. (DCI, NH3): 228 (MH+). 

8465 
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Example 1 123C 
N~f4-(2(SVcyclohexylmethoxvmethyl-4(RVmethoxypyrrolidm 

methylphenyPbenzoy 11 methionine, methyl ester 
8470 Following the procedure of example 1 106D, part 1, example 1 123B (181 mg, 0.69 

mmol) provided 196 mg (66%) of the title compound. MS (ESI+): 597 (MH+): (ESI-): 
595 (M-H). 




Example 1 123D 

N-r4-f2(SVcyclohexylmethoxymethyl-4(RVmethoxypyrrolidin-l-ylmethylV2-(2- 

methylphenyPbenzoyl] methionine 
Following the procedure of example 1 104D, example 1 123C (190 mg, 0.32 mmol) 
provided 174 mg (93%) of the title compound. H nmr (300 MHz., dmso d6): 5 8. 12, d, 
IH; 7.46, d, IH; 7.35, dd, IH; 7.19, m, 2H; 7.13, m, 3H; 4,18, m, 2H; 3.78, m, IH; 
3.45, dd. IH; 3.29, d, IH; 3.17, dd, IH; 3.15, dd, IH; 3.08, s, 3H; 2.89, bd, IH; 2.72, 
m, IH; 2.29, m, IH; envelope 1.97 - 2.25, 6H; 1.96. s, 3H; 1.77, bm, 2H; 1.62, m, 5H; 
1.47, m, 2H; 1.12, m, 3H; 0,86, bq, 2H. MS (ESI+): 583 (MH+): (ESI-): 581 (M-H). 
Calc'd for C33H46N2O5SH2O; C 68.01; H 7.96; N 4.81; Found: C 67.96; H 7.96; N 
4.81. 



8475 



8480 



8485 
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Example 1 124 

A^-r4-f3~cvclohexylmethoxy-2-methoxymethvlpvrrolidin-l-vlmcthv 

mcthylphenynbenzoyllmethionine 




Example 11 24 A 

N't-Butoxycarbonyl-2(SVmethoxymethyl-4(SVbenzylQxypyiTolidine 
Following the prodedure of example 1 1 18D, example 1 1 17 A (922 mg, 3.00 mmol) 
provided 0.64 g (67%) of the title compound. (DCI, NH3): 322 (MH+). 



0^° 

Example 1 124B 

N-t-Butoxycarbonvl-2fSVmethoxvmethyl-4rSVcvclohexylmethyloxypyrrolidine 
Following the procedure of example 1 109G, example 1 124A (0.63 g, 1.96 mmol) 
provided o.63 g (99%) of the title compound. (DCI, NH3): 328 (MH+). 





Example 1124C 

2rS)-methoxvmethvl-4(SVcyclohexylmethyloxypyrrolidine. hydrochloride salt 
Following the procedure of example 1 106C, example 1 124B (627 mg, 1.91 mmol) 
provided 51 1 mg (101%) of the title compound. (DCI, NH3): 228 (MH+). 
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MeQ 



OO"*" 




SMe 




'COpMe 

H 



Example 1124D 

A^-[4~(3-cvclohexylmethoxy-2-methQxvmethvlpyrrQlidin-l-vlmeth^ 

methylphenynbenzoyllmethionine, methyl ester 
Following the procedure of example 1 106D, part I, example 1 124C (264 mg, L50 
mmol) provided 209 mg (70%) of the title compound. MS (ESI+): 597 (MH+): (ESI-): 
595 (M-H). 



8520 



8525 




SMe 




H 



Example 1 1 24E 

N-[4-(3-cyclohexylmethoxy-2-methQxvmethylpyrrolidin-l-vlmethylV2-(2' 

methylphenyPbenzoy 11 methionine 
Following the procedure of example 1 104D, example 1 i24D (197 mg, 0.33 mmol) 
provided 176 mg (92%) of the title compound. nmr (300 MHz., dmso d6): 5 8. 14, d, 
IH; 7,47, d, IH; 7.38, d, IH; 7.22, m, 2H; 7.13, m, 3H; 4.23, m, IH; 4.13, bd, IH; 3.87, 
m, IH; 3.55, bm, IH; 3.42, dd, 2H; 3.27, dd, IH; 3.23, s, 3H; 3.11, dd, IH; ; envelope 
1.98 - 2.24, 6H; 1.96, s, 3H; envelope 1.55 - 1.93, 8H; 1.43, bm, IH; 1.12 - 1.30, m, 4H; 
0.86. bq, 2H. MS (ESI+): 583 (MH+): (ESI-): 581 (M-H). Calc'd for 
C33H46N2O5S»0.50 H2O; C 66.97; H 8.00; N 4.73; Found: C 67.04; H 7.97; N 4.5 1 . 



8530 
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Rxample 1 125 

A/-f4-r2-piperidin-l-vlmethvlpvrro]idin-l-vlmethvlV2-( 2^methvlphenvn^^ 

8535 

y 

0S02Ph 

Exam ple 1 125 A 
N~t-ButQxvcarbQnvl-2fSVphenvlsul fonvloxvmethvlpvrrolidine 
A solution of N-t-Butoxycarbonyl-2(S)-hydroxymethylpyrrolidine (2.01 g, 10,00 
8540 mmol) and triethyl amine (1.70 mL, 12.00 nunol) in 10 mL of methylene chloride was 

cooled in an ice bath and treated with benzenesulfonylchloride (1.96 g, 1 LOO mmol) and the 
mixture placed in a refridgerator overnight. The mixture was allowed to reach room 
temperaure and partioned between ethyl ether and water. The aqueous phase was extracted 
with ether and the combined organic layers washed with water IN HCU saturated sodium 
8545 bicarbonate, brine, dried, filtered and concentrated. The residue was purified by column 

chromatography on silica gel (120 g, 25% ethyl acetate/hexanes) to provide 2.82 g (83%) of 
the title compound. MS (DCI, NH3): 359 (M+NH4)+. 

^C-NBOC 

8550 Example 1 125B 

N-t>Butoxvcarbonvl-2fSVpipe ridinvlmethvlPvrrolidine 
Example 1 125B (341 mg, 1.00 mmol) was dissolved in 1 mL of piperidine and the 
mixture heated in a screw-cap vial to 100°C for 16 hours. The mixture was cooled to room 
temperature and concentrated. The residue was partitioned between water and 3 portions of 
8555 ethyl acetate. The combined organic layers were washed with water, brine, dried filtered 
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8560 



8565 



and concentrated to provide 234 mg (87%) of the title compound. (DCI, NH3): 269 
(MH+). 



O 



o 



NH- 2 HCI 



Rxam ple 1 125C 
2rSVpiperidinYlmethvlpvrr olidine. methvl ester 
Using the procedure of example 1 106C, example 1 125C (230 mg, 0.85 mmol) 
provided 195 mg (100%) of the title compound. (DCI, NH3): 159 (MH+). 




SMe 




8570 



^C02Me 

H 

Fx ample 1125D 

A/44-a-piperidin-l-vlmetbv1pvrrolidin-1-vlmethvn- 2 -r2-methvlphenvnbenzovl1methiQnine, 

methvl ester 

Using the procedure described in example 1 106D, part 1, example 1 125C (195 mg, 
0.86 mmol) provided 206 mg (77%) of the title compound. MS (ESI+): 538 (MH+); (ESI- 
): 536 (M-H). 




SMe 




N' "COaH 
H 



Rxample 1 125E 

8575 /V-r4-f2-piDerirlin- 1 -vlmethvlpvrrolidin-1 -vlmethvlV2 - ri-methvlphenvl)benzovl1methionine 

Following the procedure of example 1 104D, example 1 125D (195 mg, 0.36 mmol) 
provided 1 17 mg of the title compound. nmr (300 MHz., dmso d6): 5 8. 12, d, IH; 
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7.51, d, IH; 7.43, d, IH; 7.21, m, 2H; 7.14, m, 3H; 4.22, m, 2H; 3.55, d, IH; 3.06, m, 
IH; 2.90, m, 6H; 2.75, m, IH; 2.41, m, IH; 1.97 - 2.24, m, 6H; 1.96, s, 3H; 1.74, bm, 
8580 4H; 1.62, m, 4H; 1.45, m, 2H. MS (ESI-f): 524 (MH+): (ESI-): 522 (M-H). Calc'd for 
C3oH4iN303S*0.65 H2O*1.00 TEA; C 59.50; H 6.77; N 6.71; Found: C 60,10; H 6.89; 

N 6.46. 



8585 



8590 



8595 




O 




SMe 



N CO2H 
H 




Example 1126 

A^44-f2-morphQlin-4-vlmethvlpvrrolidin>l-vlmethvlV2^(2-m ethvlph^ 

Prepared according to the procedure of example 1 125 by substituting morpholine for 
piperidine in example 1 125B. ^H nmr (300 MHz., dmso d6): 5 8,17, d, IH; 7.53, d, IH; 
7.48, d, IH; 7.28, m, IH; 7.23, m, 2H; 7.15, m, 2H; 4.39, d, IH; 4.23, m, IH; envelope 
3.00 - 3.90, 5H; 2.58, m, IH; 2.51, m, 3H; 2.42, m, 4H; 1.97 - 2.24, m, 6H; 1.96, s, 3H; 
1.79, bm, 3H; 1.62, m, IH. MS (ESI+): 524 (MH+): (ESI-): 526 (M-H). Calc'd for 
C29H39N3O4S*0.65 H2O-0.55 TEA; C 60.24; H 6.86; N 7.00; Found: C 60.26; H 6.94; 

N 6.87. 




SMe 



CO2H 



Example 1127 

A^-r4-f2-rjV-cvclohexyl-A^-methylaniino)methvlpvrrQ lidin-l-vlmethvlV2-^ 
8600 methylphenynbenzoyllmethionine 

Prepared according to the procedure of example 1 125 by substituting N- 
methylcyclohexyamine for piperidine in example 1 125B. H nmr (300 MHz., dmso d6): 6 
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8.00, d, IH; 7.49, d, IH; 7.40, d, IH; 7.20, m, 3H; 7.13, m, 2H; 4.22, m, IH; 4.18, d, 
IH; 3.47, d, IH; envelope 2.60 - 2.95. 3H; 2.50, s, 3H; 2.42, s, 2H; 2.33, m, IH; 
8605 envelope 1.90 -2.22, 6H; 1.96, s, 3H; 1.75, bm, 6H; 1.56, m, 2H; envelope 0.95 - 1.35, 
6H. MS (ESI+): 552 (MH+): (ESI-): 550 (M-H). Calc'd for C32H45N3O3S*0.75 
H2O*0.50TFA;C 63.69; H 7.61; N 6.75; Found: C 63.69; H 7.66; N 6,67. 




Example 1 130 

A^-f4-G-cyclohexvloxvmethylisoxazolidin-2-ylmethyn-2-(2- 

methylphenvnbenzoyllmethionine 




COaMe 



Example 1 1 30A 

4-N-Hydroxvaminomethvl-2-f2-methvlphenvnbenzoic acid, methvl ester 
A solution of example 1 178D (1.76 g (5.50 nrmiol) and N,0-bis-t- 
butoxoycarbonylhydroxylamine (1.09 g, 5.00 mmol) in 10 mL of DMF were cooled in an 

8620 ice bath and treated with sodium hydride (60%, 0.24 g, 6.00 nmiol). After stirring for 4 
hours, the mixture was quenched by the addition of pH 6 phosphate buffer and partitioned 
between water and 3 portion of ethyl ether. The combined organic fractions were washed 
with water and brine, dried, filtered and concentrated. The residue was dissolved in 10 mL 
of 4N HCI/dioxane and stirred overnight. The mixture was diluted with ethyl ether and 

8625 placed in a freezer for 3 days. The precipitate was collected, wshed with ether and dried 
under vacuum to provide 1.17 g (74%) of the title compound. MS (DCI, NH3): 272 
(MH)+; 289 (M+NH4)+. 
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8630 



8635 




COaMe 



Fv-nm ple 1 BOB 

4.rN-Oxv-2-rvnlnhexvoxv.nrfttaldnximin nniftthvlV2-f2-met.hvlDhcnvnhfin7.oigacid, methyl 

ester 

A solution of example 1 130A (1.15 g, 4.29 mmol) and 2-cyclohexyloxyacetaldehyde 
(0.55 g, 3.90 mmol) in 10 mL of acetonitrile was treated with powdered, activated 4A 
molecular sieves (0.50 g) and potassium hydrogen carbonate (0.47 g. 4.70 mmol) and 
stirred overnight. The mixture was filtered throught a plug of silica gel (prewetted with 
ether) and the pad washed well with ether. The filtrate was concentrated to provide 0.82 g 
(55%) of the title compound. MS (DCI, NH3): 272 (MH)+. 



8640 



8645 




COaMe 



F.xam ple 1 130C 

A^-r4-r3-cvc)nhexvloxvmethvlisnxazolidin - 9-vlme,thvlV2-f2-methvlphenvl)henzQigacid 

methyl ester 

A solution of example 1 130B (0.81 g, 2.05 mmol) in 30 mL of chloroform was 
heated to 75°C under 640 psi of ethylene for 72 hours. The mixture was cooled to room 
temperature and vented. The chloroform was evaporated and the residue purified by column 
chromatograhy on silica gel (40 g. 15% ethyl acetate/hexanes) to provide 363 mg (40%) of 
the title compound. MS (ESI+): 424 (MH+). 



8650 




CO2H 
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8655 



Fx ample 1 130D 

A/44-r3-cvclohexvloxvmethY'i-^"^«7."lidin-2-v lm et h v n -2- (? - methv lphenYl)benzoic acid 
A mixture of example 1 130C (355 mg, 0.84 mmol) and sodium hydroxide ( 1 mL of 
a 4N aqueous solution, 4 mmol) in 4 mL of ethanol was heated to reflux for 6 hours and then 
cooled to room temperature. The mixture was diluted with water and the pH adjusted to 5 
with aqueuos phosphoric acid. The mixture was extracted with 3 portions of ethyl acetate 
and the combined organic fractions were washed with water and brine, dried, filtered and 
concentrated to provide 270 mg (78%) of the title compound. MS (ESI+): 410 (MH+). 



8660 



8665 



8670 




SMe 



COaMe 



F.xnm ple 1130E 
/</-[4-n-cvclohexy1oxvmethvHsoxazolid in-2-vlmethvD-2-(2- 

methvlphenyl'thenzovn methionine. methyl ester 

Following the procedure of example 1 1781, example 1 BOD (265 mg, 0.65 mmol) 

provided 147 mg (41%) of the title compound. MS (ESI+): 555 (MH+): (ESI-): 553 (M- 

SMe 




CO2H 



8675 



Fx ample 1 130F 
A/-[4-r3-cvclohexyloxvmethvli.soxazolid in-2-vlmethvn-2-(2- 

tT^ftfl^ Ylphenvnbenz nvnmethionine 

Following the procedure of example 1 104, example 1 130E (140 mg, 0.25 mmol) provided 
78 mg (70%) after preparative HPLC purification. H nmr (300 MHz., CDCI3): 6 7.9 1 , 
m, IH; 7.56, m, IH; 7.13 - 7.35. m, 5H; 5.99. d, IH; 4.62, m. 2H; 4.41, m, IH; 4.24, 

m, IH; 4.05, m, IH; 3.91. m, IH; 3.52, m. IH; 3.33, m. IH; 2.40, m, IH; 2.29, m, IH; 

2.00 - 2.28, m, 7H; 2.02, s, 3H; 1.89, bm, 3H; envelope, 1.43 - 1.75, 5H; 1.26, bm, 5H. 
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MS (ESI+): 541 (MH+): (ESI-): 539 (M-H). Calc'd for C3oH4oN205S»l. 10 TFA; C 

58.06; H 6.22; N 4.21; Found: C 57.97; H 6.28; N 4.17 



8680 




Rxample 1135 



SMe 



COaLi 



8685 



8690 



8695 




OMe 



Bu'OaC 




OMe 



Example 1 135A 

Methvl4-(/^/-f-Rutoxvnarhonvlethvn-2-(2-met hylphp.nvnhenzoatc 
To a solution of (t-butoxycarbonylmethyl)triphenylphosphonium bromide (10.98 g, 
24.0 mmol) in THE (150 mL) at 0 °C was added potassium t-butoxide (1.0 M in THE, 24 
mL) over 5 min. After 2 h, the aldehyde in THE (10 mL) was added slowly over 5 min., 
and the reaction was further stirred for 30 min. The reaction mixture was diluted with 
hexane (200 mL), and the resulting muddy mixture was filtered through silica gel (200 g), 
rinsed with ether, and concentrated to give an intermediate olefin. H NMR (300 MHz. 
CDCb) 6 7.97 (d, 1 H). 7.59 (d, 1 H). 7.54 (dd, 1 H). 7.37 (d, 1 H), 7.30-7.27 (m, 3 H), 
7.06 (d, 1 H). 6.44 (d, 1 H), 3.61 (s, 3 H), 2.06 (s, 3 H). 1.52 (s, 9 H). MS(CimH3) m/z; 

353 (M+H)"", 370 (M+NH4)*. 

That intermediate was mixed with palladium on carbon (10%, 2.0 g) in ethanol (30 
mL), and was stirred under a hydrogen balloon overnight. The mixture was then filtered 
through Celite™ (5 g), and the filtrate was concentrated. The residue was then redesolved in 
ether ( 100 mL) and the solution was filtered through silica gel (30 g). Concentration of the 
filtrate afforded the title compound (7.27 g. 99% for 2 steps). 'H NMR (300 MHz, CDCl?) 
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8700 



5 7.91 (d, IH), 7.28-7.15 (m, 4 H). 7.07-7.03 (m, 2 H). 3.60 (s, 3 H), 2.97 (t, 2 H), 2.57 
(t, 2 H), 2.05 (s. 3 H), 1.40 (s. 9 H). MSCCI/NH.,) m/z: 355 (M+H)", 372 (M+NH4)^ 




SMe 



COaMe 



l^.xample I135B 

g705 A^-r4-f2-t-butnxvcarhonvl -3-f3.5-difluoroDhenvi'>propvl)-2-(2- 

piethylphenvnhenzovllmethionine Methvl Este r 
To a -78 °C solution of intermediate 1 135 A (487 mg, 1.32 mmol) in THF (5 mL) 
was added sodium hexamethyldisilylazide (NaHMDS, 1.0 M in THF, 1.6 mL). After 30 
min., 3,5-difluorobenzyl bromide (329 mg, 1 .59 mmol) was added to the reaction, and the 

87 1 0 reaction mixture was then gradually warmed to room temperature over 2 h. The reaction 

mixture was then partitioned between ethyl acetate (80 mL) and water (20 mL). The organic 
layer was washed with water (20 mL), brine (20 mL), dried over anhydrous magnesium 
sulfate, filtered and concentrated. The residue was purified by column chromatography with 
8% ethyl acetate in hexane (the product and starting material had identical Rf on TLC) in to 

87 1 5 give the methyl ester intermediate. 

The product obtained from the previous step was stirred with saturated aquous LiOH 
(2 mL) in MeOH (3 mL) at 50 °C overnight. Then, the reaction mixture was carefully 
adjusted to pH 3 to 4, and extracted with ethyl acetate (100 mL). The organic layer was 
rinsed once with brine (15 mL), an dried with anhydrous magnesium sulfate, filtered, and 

8720 concentrated. The crude monoacid obtained this way was stirred with L-methionine methyl 
ester hydrochloride (383 mg, 2 mmol), 1 -hydroxybenzotriazole (266 mg, 2.0 mmol), 
triethylamine (303 mg, 3.0 mmol) and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (400 
mg, 2.0 mmol) in DMF for 5 h. The reaction mixture was then partitioned between ethyl 
acetate (80 mL) and water (20 mL). The organic layer was washed with water (2 X 20 mL), 

8725 brine (20 mL), dried over anhydrous magnesium sulfate, filtered and concentrated. The 

residue was purified by column chromatography with 20% ethyl acetate in hexane to give the 
title compound (277 mg, 34% for 3 steps). 'H NMR (300 MHz, CDClj) 5 7.92 (2 d's, 1 
H), 7.37-7.12 (m, 5 H), 7.02 (d, I H), 6.75-6.60 (m, 3 H), 5.90 (br d, 1 H), 4.62 (m, 1 
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8730 



H). 3.66 (s, 3H), 3.05-2.72 (m, 5 H), 2.17.2.06,2.02,2.00 (4 s's, 6 H), 2.03 (m, 2 H). 
1.95 (m, 1 H), 1.60 (m, 1 H), 1.22 (3 s's, 9 H). MSCCL^H,) m/z: 612 (M+H)\ 



Bu'OaC 




SMe 



COaLi 



^ F 

F.xf^ mple 1 135C 
A^-r4-r2-t-butoxvcarhonvl- 3-n.5-diflunrnphenvnDroDvn-2-(2- 

8735 methylphenvnbenzovl lmethionine Lithiuffi Salt 

The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 135B (66 mg) to the title lithium salt (65 mg, 100%). 'H NMR (300 MHz, 
MeOD-d4) 5 7.52 (br s. 1 H). 7.35-7.21 (m, 5 H), 7.06 (m. 1 H), 6.87-6.72 (m. 3 H), 
4.24 (m, 1 H). 3.00-2.85 (m, 5 H), 2.08-1.93 (m, 8 H), 1.84 (m, 1 H), 1.65 (m, 1 H), 

8740 1 . 1 8- 1 . 1 2 (3 s' s, 9 H). MS(ESI-) m/z: 596 (M-H)". 




Rxample 1138 



8745 




SMe 



COaLi 



OMe 



Rxam ple 11 38 A 
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Methvl 4-rN-Cvclohexvlir fth Y^«"^'"Q-^ "'fa"^^"^^^hvn-2-(2-methvlr>lie.nvl)benzoate 
To a room temperature solution of 1178D (1.21 g, 3.79 mmol) in THF (10 mL) was 
8750 added potassium thioacetate (0.48 g, 4.2 mmol). After 5 hours, NaOH (3.5 M in water, 3 
mL) was added, and the reaction mixture was stirred another 30 min. Reaction mixture was 
then acidified with HCl (l.OM, 15 mL), and partitioned between ethyl acetate (100 mL) and 
water (10 mL). The organic layer was washed with water (20 mL), brine (20 mL). dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
8755 The residue desolved acetic acid (5 mL) and hydrogen peroxide (30%, 5 mL), and 

heated at 80 °C for 16 hours. The reaction mixture was diluted with brine (10 mL), and 
extrated with ethyl acetate (3 X 30 mL). The combined extrats were washed with brine (20 
mL), dried over anhydrous magnesium sulfate, filtered and concentrated to give the crude 
sulfonic acid. MS(ESI-) m/z: 319 (M-H)". 
8760 The crude sulfonic acid was then refluxed with thionyl chloride (5 mL) and DMF 

(0.5 mL) for 8 hours. Solvent was then evaporated, and the residue was dried under high 
vacuum (5 mmHg) for 3 hours. The sulfonyl chloride obtained this way was then desolved 
in DCM (10 mL), and to it was added cyclohexylmethylamine (0.5 g) and triethylamine (2 
mL). Afte 20 min., the reaction was diluted with ether (20 mL), filtered through silica gel 
8765 (20 g), rinsed with ether (50 mL), and concentrated. The residue was purified by column 
chromatography with hexane:chloroform:ethyl acetate (50:50:10) to give the title compound 
(61 mg, 3.9%, 3 steps). 7.97 (d, 1 H), 7.46 (dd. 1 H), 7.30-7.15 (m, 5 H), 7.05 (br d, 1 
H). 4.30 (s, 2 H). 3.61 (s, 3 H), 2.83 (t, 2 H), 2.07 (s, 3 H). 1.80-0.90 (m. 1 1 
H).MS(CI/NH3) m/z: 433 (M-J-NH4)''. 



8770 




SMe 



COaMe 



Fx ample 1138B 

A^-f4-(/V-rvclohexvlmethvlaminosulfonvlme thvn-2-r2-methvlphenvnben7.ovllmethionine 

8775 Methvl Ester 

The procedures descriped in the Example 403E and 403F were used here to convert 
the above intermediate 1 138A (45 mg) to the title methyl ester (37 mg, 63%). 'hNMR (300 
MHz, CDCI3) 6 7.97 (2 d'd. 1 H), 7.48 (d, 1 H), 7.37-7.22 (m. 5 H), 5.93 (d, 1 H), 4.63 
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(m, 1 H). 4.29 (s, 2 H), 3.67 (s. 3 H), 2.87 (t, 2 H). 2.20-2.00 (m, 8 H). 2.86 (m, 1 H), 
8780 2.80-0.80 (m, 12 H). MS(ESI-) m/z: 545 (M-H)". 



8785 




SMe 



COaLi 



8790 



pvam ple 1 138C 

A/-fd-(A^-Cvclohe.xvlmethvlanimo5;..lfnnvlm p thvlV?-r2-methvlnhenvnben7ovl1methionine 

1 jthium Salt 

The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 135B (32 mg) to the title lithium salt (32 mg. 100%). 'H NMR (300 MHz, 
dmso-d6) 5 7.46 (d, I H). 7.36 (m, 1 H), 7.20-6.92 (m. 6 H). 7.08 (m, 1 H). 4.30 (s, 2 
H), 3.58 (m, 1 H), 2.64 (br d, 2 H), 2.00-1.80 (m. 8 H), 1.80-0.68 (m, 13 H). MS(ESI-) 
m/z: 53 1 (M-H)". 




Rxample 1 162 

8795 




COaMe 



OH 

ample 1 162 A 

Methvl 4-r2-/-Rntoxvcarbonvl-3-hvdr nyv-3-rthiazol-5-vnnrot)vl1-2-(2- 

mpthylphenvnhenzoate 
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To a -78 °C solution of intermediate 1 135A (1.75 g, 4.94 mmol) in THF (20 mL) 
was added sodium hexamethyldisilylazide ( 1 .0 M in THF, 5.9 mL). After 10 min, 5- 
thiazolcarboxaldehyde (838 mg, 7.41 mmol) in THF ( 10 mL) was added to the reaction, 
and the reaction mixture was then gradually warmed to room temperature over 2 h. The 
reaction mixture was then partitioned between ethyl acetate (80 mL) and water (20 mL). 
8805 The organic layer was washed with water (20 mL), brine (20 mL), dried over anhydrous 
magnesium sulfate, filtered and concentrated. The residue was purified by column 
chromatography with 50% ethyl acetate in hexane to give the title intermediate as a mnixture 
of diastereomers (1.41 g, 61%, ratio of diastereomers, 2.5: 1). "H NMR (300 MHz, 
CDCI3) 6 8.90 (2 br s's, 1 H), 7.91 (2 d's, 1 H), 7.80 (2 br s's, 1 H), 7.31-7.25 (m, 5 H), 
7.05 (m, 2 H), 5.30,5.05 (2 m'm, 1 H), 3.60 (s, 3 H), 3.14-3.00 (m, 3 H). 2.05 (4 s's, 3 
H), 1.26,1.19,1.18 (3 s's, 9 H). MS(CI/NH3) m/z: 468 (M+H)^ 



8810 



8815 




COaMe 



F x am ple 1 162B 

Meth yl 4-^F-?.-NRutoxvr^rhnnvl-3-(thi 3 ^nl-5-vnnroD-2-envn-2-(2-methylphenYl)benzoate 
To a solution of intermediate 1 162 A (267 mg, 0.57 mmol) in 1,2-dichloroethane (10 
mL) was added pyridine (0.5 mL), POCI3 (0.2 mL) and DBU (5 drops) in that order. After 
4 hours at room temperature, the reaction mixture was diluted with ether (10 mL), filtered 
through silica gel (30 g), rinsed with ether (2 X 20 mL), and concentrated. The residue 
8820 was purified by column chromatography with 30% ethyl acetate in hexane to give the title 
compound as a single isomer (230 mg, 90%). 'h NMR (300 MHz, CDCI3) 5 8.8 1 (s, 1 
H), 8.02 (s, 1 H). 7.96 (s, I H), 7.89 (d, 1 H), 7.26-7.15 (m, 5 H), 7.02 (m, 2 H), 4.06 
(br s, 2 H), 3.59 (s. 3 H). 2.00 (s, 3 H), 1.43 (s, 9 H). MS(CyNH3) m/z: 450 (M+H)^ 
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MPthvl 4-rE-2-Hvdroxvmetbvl-3-rthiazol-5-vnprop-2- p-nvn-2-f2-methvlphenvl)benzoate 
A mixture of intermediate 1 162B (205 mg, 0.456 mmol) and HCi (anhydrous, 4.0 
M in 1,4-dioxane, 2 mL) was stirred for 16 h at room temperature. The reaction mixture 
8830 was then concentrated to dryness, and the residue was desolved in THF (3 mL) and cooled 
to 0 °C. To it was added isobutyi chloroformate (0.089 mL, 0.685 mmol) and A^- 
methylmorpholine (0.15 mL, 1.4 mmol). After 15 min. at 0 °C, sodium borohydride (53 
mg, 1.4 mmol) was added to the reaction, followed by addition of methanol (I mL). The 
reaction was then stirred at room temperature for 2 hours. The reaction mixture was then 
8835 partitioned between ethyl acetate (50 mL) and water (5 mL). The organic layer was washed 
with water (10 mL), brine (10 mL), dried over anhydrous magnesium sulfate, filtered and 
concentrated. The residue was purified by column chromatography with 50% ethyl acetate 
in hexane to give the title compound (69.7 mg, 40%). 'H NMR (300 MHz, CDClj) 5 8.70 
(s, 1 H), 7.90 (d. 1 H), 7.81 (s, 1 H), 7.27-7.15 (m, 4 H), 7.05 (m, 2 H), 6.93 (s, 1 H), 
8840 4.21 (d, 2 H), 3.85 (s, 2 H), 3.59 (s, 3 H), 2.02 (s, 3 H). MS(CI/NH3) mJz: 380 (M+H)^ 




Example 1162 D 
Ar-(4-r£-2-Hvdroxvmethvl-3-(thiaz nl-5-vnprop-2-envn-2-(2- 

g845 methylphenvDbenzovl ) methionine Methyl Ester 

The procedures descriped in the Example 403E and 403F were used here to convert 
the intermediate 1 162D (69 mg) to the title methyl ester (74 mg, 80%). 'H NMR (300 
MHz, CDCb) 5 8.78 (s. 1 H), 7.95-7.81 (m, 2 H), 7.35-7.15 (m, 5 H), 7.01 (s, I H), 
6.94 (s, 1 H), 5.86 (m, 1 H), 4.62 (m, 1 H), 4.22 (s, 2 H), 3.84 (s, 2 H), 3.77 (s, 3 H), 

8850 2.14-2.00 (m, 8 H). 1.87 (m. 1 H), 1.60 (m, 1 H). MS(CI/NH3) m/z: 51 1 (M+H)^ 




Example 11 62 E 
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Af-{4-[£:-2-Hydroxvmethvl-3-fthiazol-5-ynp rnp-?-pnvn-2-(2- 
5g55 methylphenvnhenzovll methionine I -ithium Salt 

The procedure descriped in the Example 4031 was used here to convert the 
intermediate 1 162D (20.2 mg) to the title lithium salt (20 mg, 100%). 'H NMR (300 MHz, 
dmso-d6) 6 8.97 (s, 1 H). 7.90 (s, 1 H), 7.47 (d, 1 H), 7.25 (dd. 1 H), 7.22-7.07 (m, 4 
H), 6.92 (m. 2 H), 6.89 (m, 1 H), 5.42 (t, 1 H), 3.99 (d. 2 H), 3.75 (s, 2 H), 3.60 (m, 1 
8860 H). 2.08 (m, 1 H), 1.95 (m, 1 H), 1.90 (br s. 6 H), 1.68 (m, 1 H), 1.55 (m, 1 H). 
MS(ESI-) m/z: 495 (M-H)"-. 




Example 1163 




Example 1 163 A 

A/-(4-fE-2-r3.5-diflonrophenoxv^ methvl-3-('thia7.ol-5-vl')Dror)-2-enYl1-2-(2- 
J870 methylphenynbenzovl} methionine Lithium Sal t 

To aO °C solution of triphenylphosphine (55 mg, 0.21 nunol) in DCM (1 mL) was 
added diethyl azodicarboxylate (36 mg, 0.21 mmol). After 10 min., the solution thus 
prepared was transfered to a 0 °C solution of intermediate 1 162D (35. 1 mg, 0.069 mmol) 

8875 and 3,5-difluorophenol (27.3 mg, 0.2 1 mmol) in DCM ( 1 mL). After the reaction mixture 
was stirred at room temperature for 15 hours, it eas diluted with ether (5 mL), filtered 
through silica gel (5 g), rinsed with ether (10 mL), and concentrated. The residue was 
purified twice by column chromatography with 30% ethyl acetate in hexane to give the title 
methyl ester (13.2 mg, 31%). 'H NMR (300 MHz, CDCI3) 5 8.78 (s, 1 H), 7.95-7.85 (m, 

8880 2 H), 7.35-7.05 (m, 9 H), 7.02 (s, 1 H), 6.97 (s, 1 H), 5.88 (m, 1 H), 4.62 (m, 1 H), 



-421 - 



wo 98/50030 



PCT/US98/09297 



4.49 (s, 2 H), 3.92 (s, 2 H), 3.66 (s, 3 H), 2.17-1.98 (m, 8 H), 1.87 (m, 1 H), 1.60 (m, I 
H). MS(CI/NH3) m/z: 623 (M+H)^. 




8885 

Example 1 163B 

A/-{4-[/?^2-r3.5-diflQurQphenoxv^methvl-3-(thiazQl-5- vnprop-2-envlV2-(2- 

methvlphenyDbenzovll methionine Lithium Salt 
The procedure descriped in the Example 4031 was used here to convert the 
8890 intermediate 1 163 A (13.2 mg) to the title hthium salt (13.0 mg, 100%). *H NMR (300 

MHz, dmso-de) 5 9.05 (s, 1 H), 7.98 (s, 1 H), 7.47 (d, 1 H), 7.25 (dd, 1 H), 7.22-7.07 
(m, 5 H), 6.95 (m, 1 H), 6.87 (m, 1 H), 6.80-6.70 (m, 4 H), 4.62 (s, 2 H), 3.87 (s, 2 H), 
3.60 (m, 1 H), 2.10-1.92 (m, 2 H), 1.90 (br s, 6 H), 1.68 (m, 1 H), 1.55 (m, 1 H). 
MS(ESI-) m/z: 607 (M-H)". 

8895 



Example 1 176 

8900 




Example 1 176 A 

4-Phthalimidovloxvmethvl-2-f2-methvlphenynbenz oic acid methvl ester 
To a stirred solution at O^'C under N2 of 4-hydroxymethyl-2-(2- 
8905 methylphenyl)benzoic acid methyl ester (5.00 g, 19.5 mmol), prepared as in Example 

1 178A-C, N-hydroxyphthalimide (3.19 g, 19.5 mmol), and triphenylphosphine (5.12 g, 
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19.5 mmol) in anhydrous THF (150 mL) was added diethyl azodicarboxylate (3.38 mL, 
21.5 mmol). Cooling bath removed and reaction warmed to 50°C overnight. Solvents 
concentrated in vacuo, and residue taken up in ether and washed with 2M NaiCOs (3x), 

8910 water, and brine. Organic layer dried with Na2S04, filtered, and concentrated in vacuo. 
Residue was purified by flash chromatography on silica gel eluting with 20% 
EtOAc/Hexanes to afford the desired product as a white solid (3.32 g, 41%), (300MHz, 
CDC13, 5) 7.99 (IH, d, J=8Hz), 7.79 (4H, m), 7.63 (IH, dd, J=7&2Hz), 7.38 (IH, d, 
J=2Hz), 7.30-7.10 (3H, m), 7.02 (IH, dd, J=8&2Hz), 5.26 (2H, s), 3.62 (3H, s), 1.99 

8915 (3H, s). 




Example 1176B 

4-rA^-r3.5^difluorohenzvlidenovnaminooxvmethvlV2-f2-methvlphenvnhenzoicac id methyl 
8920 SStSr 

To a solutuon under N2 of 4-phthalimidoyloxymethyl-2-(2-methylphenyl)benzoic 
acid methyl ester (575 mg, 1.43 mmol), prepared as in Example 1 176A, in boiling EtOH 
(10 mL) was added while hot 55% hydrazine hydrate (0.089 mL, 1.58 mmol). Reaction 
allowed to cool to ambient temperature, and to this mixture was added 3,5- 

8925 difluorobenzaldehyde (0. 172 mL, 1 .58 nmiol). Reaction stirred overnight at ambient 

temperature. Solvents concentrated in vacuo, and residue stirred with CCI4 (30 mL) and 
MgS04 for 15 minutes at ambient temperature. Mixture filtered through celite, and filtrate 
concentrated in vacuo. Residue was purified by flash chromatography on silica gel eluting 
with 10% EtOAc/Hexanes to afford the desired product as a pale yellow solid (55 1 mg, 

8930 97%). m/e (ESI) 396 (MH+) 
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OMe 



t ;.x ample 1 176C 

4-rA/-r3 5-difluorohenzvnaroinnnxvmeth v lV2-(2-niethvlphenvnben7,oic acid methyl ester 
8935 To a stirred solution at room temperature under N2 of 4-(N-(3.5- 

difluorobenzylidenoyl)aminooxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (55 1 
mg. 1.40 mmol), prepared as in Example 1 176B, in MeOH (5 mL) was added sodium 
cyanoborohydride (263 mg, 4. 1 8 mmol) and bromocresol green indicator. To this was 
added a 1 : 1 solution of cone. HCl/MeOH dropwise to maintain a yellow-orange color (pH 

8940 less than 3). After reaction mixture remained yellow, it was allowed to stir 30 minutes at 

room temperature. Reaction quenched with l.OM NaHCOs, and product extracted out with 
EtOAc (2x). Extracts washed with l.OM NaHC03 (2x) and brine, dried with Na2S04, 
filtered, and concentrated in vacuo. Residue was purified by flash chromatography on silica 
gel eluting with 25% EtOAc/Hexanes to afford the desired product. (254 mg, 46%). m/e 

8945 (ESI) 398 (MH+) 




OMe 



Example 1 176D 

4-rA/-Butvl-AA-n.5-difluorohen7.vnaminooxvmethv n-2-(2-methvlnhenvl)benzoic acid 

8950 n>ethyl ester 

To a stirred solution at ambient temperature under N2 of 4-(A^-(3,5- 
difluorobenzyl)aminooxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (254 mg, 
0.640 mmol), prepared as in Example 1 176 C, in DMF (2 mL) was added potassium 
carbonate (265 mg, 1.92 mmol) and 1-iodobutane (0.146 mL, 1.28 mmol). Reaction stirred 
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8955 vigorously at 80°C overnight. Reaction diluted with EtOAc and washed with water and 

brine. Organic layer dried with Na2S04, filtered, and concentrated in vacuo. Residue was 
purified by flash chromatography on silica gel eluting with 7% EtOAc/Hexanes to 30% 
EtOAc/Hexanes to afford the desired product. (44 mg, 15%). m/e (ESI) 454 (MH^) 



8960 




OH 



8965 



Example 1176E 

4--rA^-Butvl-/^-(3.5-difluorobenzvnaniinooxvmethvlV2 -r2-methvlphenvnhenzoic acid 
The desired acid was prepared using the method described in Example 403E starting 
with the compound prepared in Example 1 176D. 



SMe 




C O2M e. 



8970 



Example 1 176F 
A^-r4-N-Butvl-N-r3-5-difluorQbenzvnanLiinooxvm ethvl-2''(2- 

methylphenvl^benzovll methionine methyl ester 

The desired product was prepared using the method described in Example 403F 

starting with the compound prepared in Example 1 176E. 
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Rx ample 1176G 

8975 A^-f4,A^.-Butyl>A^-(3.5-difluorobenzvnamino oxvrnethvl-2-f2- 

methylphenvnhenzovllmethionin e lithium salt 
The desired compound was prepared according to the method of Example 4031 
starting with the compound from Example 1 176F.1H (300MHz, CDCI3, 5) 7.70 (IH, m), 
7.30-7.00 (6H, m), 6.94 (IH, m), 6.85 (IH, dd, J=7&2Hz), 6.65 (IH, m), 4.53 (2H, 
8980 bs), 4.03 (IH, m), 3.80 (2H, bs), 2.72 (2H, t, J=8Hz), 2.30-1.90 (5H, m), 1.80 (3H, s). 
1.58 (2H, m), 1.50-1.20 (4H, m), 0.87 (3H, t, J=8Hz). m/e (ESI) 569 (MR-) 



8985 




8990 Example 1 1 86 A 



-426- 



wo 98/50030 



PCT/US98/09297 



4.-A^-rCvclohexvlmethvlidene^aminoox yniftthvl-2-(2-methvlphenvnhenz acid methyl ester 

The desired product was prepared using the method described in Example 1 176B 
starting with 4-phthalimidoyloxymethyl-2-(2-methylphenyl)benzoic acid methyl ester, 
prepared as in Example 1 176A and cyclohexanecarboxaldehyde. m/e (ESI) 366 (MH+) 




OMe 



Example 1186B 

4-N-(CvcIohexvlmethvnaminooxvmethvl-2-(2-methvlp henvnbenzoic acid methyl ester 
The desired product was prepared using the method described in Example 1 176C 
starting with the compound in Example 1 186A. m/e (ESI) 368 (MH+) 




OMe 



Example 1186C 

Ar-r4-A^-,Butvl-A^-fcvclohexvlmethvnaminooxvmethvl-2-r 2-methvlphenvnhenzoic acid 

methyl ester 

The desired product was prepared using the method described in Example 1 176D 
starting with the compound in Example 1186B. m/e (ESI) 424 (MH"^) 




OH 



Example 1186D 
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A/-.[4-A^--Butvl-N-(cvclohexvlmef h Yl)aminooxvmethvl-2-r2-methvlphenv l)^^ acid 
The desired product was prepared using the method described in Example 403 E 
starting with the compound in Example 1 186C. 




Rxample 1186E 
Ar-r4-N-Butvl-7^-(cvclohexvlmethvnamino oxvmethvl-2-f2- 

methvlphenynbenzovnmethioni ne methvl ester 

The desired product was prepared using the method described in Example 403F 

9020 starting with the compound in Example 1 186D. m/e (ESI) 555 (MH+) 




Rxample 1 186F 
Ar_r4,;V.,Butvl~A^-(cvclohexvimethvnaminoo xvmethvl-2-f2- 

^025 methylphenvnbenzovllmethionin e lithium salt 

The desired compound was prepared according to the method of Example 4031 
starting with th compound in Example 1 186E.1H (300MHz, DMSO-d6, 6) 7.53 (IH, d, 
J=9Hz), 7.37 (IH, dd, J=7ifc2Hz), 7.30-7.05 (5H, m), 6.96 (IH, m), 4.63 (2H, s), 3.68 
(IH, m), 2.62 (2H, t, J=8Hz), 2.42 (2H, d, J=8Hz), 2.25-1.95 (5H, m), 1.92 (3H, s), 

9030 1.80-1.50 (7H, m), 1.42 (3H, m), 1.26 (2H, m), 1.13 (3H, m), 0.85 (5H, t, J=8Hz). m/e 
(ESI) 539 (MH-) Anal.calc. for C3lH43LiN2O4S-0.75 H2O C 66.46, H 8.01, N 5.00 

Found C 66,43, H 8.02, N 4.88 
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9035 




SMe 



CO2H 



F.x ample 1211 

A7-rA-mpn7vlnhenvl('oxoDbn.';phinvnme thvn-2-r2-methvlr)henvnben7.ovl1methionine 




OH 

9040 |^;^am ple 12 II A 

R ^nzvlphosphonic acid monoethvl ester 
Diethyl benzylphosphonate (5.0 mL, 5.5 g, 24 mmol) was dissolved in absolute 
EtOH (25 mL), then 50% NaOH (3 mL) was added. The reaction was heated under reflux 
overnight, allowed to cool to RT, then partitioned between 2N HCl and EtOAc. Washed 
9045 organic layer with brine, extracted combined aqueous layers with EtOAc, dried combined 
organic layers over Na2S04. After filtration and concentration recovered 4.5 g (93%). MS 
(DCI/NH3) 201/218 (M+H)+/ (M+H+NH3)+. 




9050 F.xample 1211B 

Renzylphenylphosphi nic acid ethvl ester 
The compound described in Example 121 1 A (2.5 g, 12.5 mmol) was dissolved in 
CH2CI2 (100 mL), cooled to 0-5 °C, then added DMF (50 [iL) and oxalyl chloride (1.25 
mL, 1.82 g, 14.3 mmol). After 15 min, removed the bath, and let the reaction warm to RT 
9055 over 1 h. The reaction was then concentrated, dissolved in toluene, reconcentrated, 
dissolved in Et20 (8 mL), and cooled to -10 °C. Under N2. 3.0M phenylmagnesium 
chloride (3.3 mL) was added dropwise (removed bath after ca. 7 mL had been added 
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because the reaction was too thick to stir). Stirred the reaction at RT for 3 h, then 
partitioned between 2N HCl and Et20. Washed organic layer with water and brine, then 
9060 dried over Na2S04. After filtration and concentration the compound was purified by 

chromatography using 1/4 hex/ EtOAc. Recovered 1.38 g (42%). MS (DCI/NH3) 261/278 
(M+H)+/ (M+H+NH3)+. 




COaMe 



9065 Example 121 IC 

4-rBenzvlphenvirQXQphQsphinvnmethvn-2-(2-methvlphenvnbenzoic acid me thyl ester 
The title compound was prepared from the compound described in Example 1 2 1 1 B 
and the bromide described in Example 1 178D using the method found in JACS, 94, 1774 
(1972). 

9070 After chromatography using 1/2 hex/EtOAc the product still contained 35-40% (wt.) 

starting ethyl phosphinate. MS (APCI) 455 (M+H)+ & 261 (M+H)+ (for starting material). 




CO2H 



Example 121 ID 

9075 44BenzvlphenviroxophosphinvnmethvlV2-(2-m ethvlphenvnbenzoicacid 

The title compound was prepared from the compound described in Example 121 IC 
by the method of Example 1 178H. The title compound was seperated from the phosphinic 
acid by chromatography using 98/2/0.5 CHCI3/ MeOH/ CH3CO2H. MS (ESI) 439 (M-H) 
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SMe 



COaMe 



9080 

F.xample 121 IE 

AA-f4-('BenzvlDhenvl('oxoDhosphinvnrnefhvn-2-r2-m ftthvlphenvnbenzovllmet.hionine methyl 

ester 

The title compound was prepared from the compound described in Example 1 2 1 1 D 
9085 using the method of Example 1205D, except the chromatography used 1 .5% EtOH in 
EtOAc. MS (APCI) 586 (M+H)+. 




Example 121 IF 

9090 A^-l4-(Benzvlphenvl(oxophosphinvninethvlV2-(2 -methvlphenvnbenzovl1methionipe 

The above compound was prepared from the compound described in Example 
121 IE according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMSO-d6) 8 8.08 (m, IH), 7.68 (m, 2H), 7.45 (m, 4H), 7.36 (d, IH), 7.17, 7.10, 
6.92, 6.82 (all m. total lOH), 4.19 (m, IH), 3.50 (m, 4H), 2.10. 1.95, 1.80 (all m, total 

9095 lOH). MS (ESI) 570 (M-H)". Anal calcd for C33H34N04PS- 0.15 CHCI3: C, 67.53; H, 
5.84; N, 2.38. Found: C, 67.55; H, 5.90; N, 2.24. 
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SMe 



CO2H 



9100 Example 1212 

A^44--((Cvlohexylmethvnmethvl(Qxophosphin vnmethvlV2-(2- 

methylphenynbenzovll methionine 




9105 Example 1 2 12 A 

Cvclohexylmethvlphosphonic acid dimethyl ester 
Using the Grignard reagent made from bromomethyl cyclohexane and dimethyl 
phosphochloridate, the title compound was prepared by the method found in EngeK Robert, 
ed. Synthesis of Carbon-Phosphorous Bonds , p. 179. Boca Raton, PL: CRC Press, 1988. 
9110 The compound was purified by chromatography using EtOAc. MS (DCI/NH3) 207/224 
(M4-H)+/ (M+H+NH3)"^. 




Example 1212B 

9115 Cyclohexylmethylphosphonic acid monomethvl ester 

The title compound was prepared from the compound described in Example 1212A 
by the method of Example 1211 A. MS (DCI/NH3) 193/210 (M+H)+/ (M-hH+NH3)+. 




9120 Example 1212C 

fCyclohexylmethynmethylphosphinic acid methyl ester 
The title compound was prepared from the compound described in Example 1 2 1 2B 
and methylmagnesium bromide by the method of Example 121 IB. MS (DCI/NH3) 191/208 
(M+H)+/ (M+H+NH3)+. 
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9125 




C02Me 



Rxam ple 1212D 

d-rrrvlohexvlmethvnmethvl(oxophosphinvnm ethvlV2-(2-methvlphenvnbe^ acid 

methvl ester 

The title compound was prepared from the compound described in Example 1212C 
and the bromide described in Example 1 178D using the method found in JACS, 94, 1774 
(1972), followed by purification with chromatography using EtOAc/EtOH 93/7. MS 
(DCI/NH3) 399/416 (M+H)+/ (M+H+NHs)^. 




CO2H 



9135 

Example 1212E 

4-((CvlQhexvlmethvnmethvirQXQphosphinvnmethv iV2-f2-methvlphenvnbenzoic acid 
The title compound was prepared from the compound described in Example 12 12D 
using the method of Example 1 178H. MS (DCL^Hs) 385/402 (M+H)+/ (M+H-fNH3)+. 

9140 

^ SMe 




C02Me 



Example 1212F 
A^-r4-rfCvlohexvlmethvnmethviroxophosphinv nmethvn-2-f2- 

methvlphenynbenzovUmethionine methvl ester 

9145 The above compound was prepared from the compound described in Example 

1212E according to the method of Example 1205D. MS (APCI) 530 (M+H)+. 
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Rxam ple 1212G 

9150 A^-r4--(rCvlohexvlmethynmethvl(QX QphQSphinvnmethvn-2-(2- 

methylphenvnbenzovllmethioaine 
The above compound was prepared from the compound described in Example 
1212F according to the method of Example 1 178J, except the lithium salt was not made, 
NMR (DMSO-d6) 5 8.08 (d, IH), 7.46 (d, IH), 7.30 (d, IH), 7.20, 7.10 (both m, total 
9155 5H), 4.21 (m, IH), 3.20 (dd, 2H), 2.10 (m, 5H), 1.95 (s, 3H), 1.80, 1.60 (both m, total 
lOH), 1.30 (d, 3H), 1.20, 1.00 (both m, total 5H). MS (ESI) 514 (M-H)". Anal calcd for 
C28H38NO4PS: C, 65.22; H, 7.43; N, 2.72. Found: C, 64.86; H, 7.44; N, 2.60. 



9160 




SMe 



CO2H 



Example 1213 

A^-f4->((Cvlohexvlmethvnhutvl(oxophosphinvn methvlV2-(2 

methylphenyDbenzovllmethionine 



Me 



9165 



Example 12 13 A 
(CyclohexylmethyDbutylphosphinic acid methyl ester 



-434- 



wo 98/50030 



PCT/US98/09297 



The title compound was prepared from the compound described in Example 1212B 
and butylmagnesium chloride by the method of Example 1211B. MS (DCI/NH3) 233/250 
9 1 70 (M+H)+/ (M+H+NH3)+. 




COaMe 



Example 1213B 

4-(f CylohexylmethvnbutvK oxophosphinvnmethvl V2-(2'-methvlphen ynbenzoic acid methyl 



9175 



ester 



The title compound was prepared from the compound described in Example 12 13 A 
and the bromide described in Example 1 178D using the method of Example 121 2D. MS 
(DCI/NH3) 441/458 (M+H)+/ (M+H+NH3)+. 



9180 




CO2H 



Example 121 3C 

4-rrrvlohexvlmethvnbutvlfoxophosphinvnmethvlV2-(2 -methvlphenvnbenzoicacid 
The title compound was prepared from the compound described in Example 1213B 
using the method of Example 1 178H. MS (DCI/NH3) 427/444 (M+H)+/ (M+H+NH3)+. 



9185 
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Rxam ple 1213D 
A^-r4-frCvlohexvlmethvnbutvKoxophosphiny nmethylV2-f2- 

methvlphenvl^benzovllmethionine m ethyl ester 
9 190 The above compound was prepared from the compound described in Example 

1213C according to the method of Example 1205D. MS (APCI) 572 (M+H)+. 




Example 1213E 

9195 A^-r4-((CvlohexylmethvnbutvKoxophosphinv nmethvn-2-(2- 

methvlphenvnbenzovll methionine 
The above compound was prepared from the compound described in Example 
1213D according to the method of Example 1 178J, except the lithium salt was not made. 
NMR (DMSO-d6) 5 8.08 (d, IH), 7.46 (d, IH), 7.30 (d, IH), 7.20, 7.10 (both m, total 
9200 5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.85-0.90 (envelope 21H), 
0.85 (t, 3H). MS (ESI) 556 (M-H)". Anal calcd for C31H44NO4PS: C, 66.76; H, 7.95; 
N, 2.51. Found: C, 66.73; 8.00; N, 2.42. 



-436- 



wo 98/50030 



PCT/US98/09297 



SMe 




9205 

Example 1214 

A/-r4-(Di(cvlohexvlmethvlVoxophQsphinv nmethvlV2-(2-methvlDhenvl)benzoyll^ 




9210 Example 1214A 

DircyclohexvlmethyPphosphinic acid 
Using the Grignard reagent made from bromomethyl cyclohexane, the title 
compound was prepared by the method found in J ACS, 72, 5508 (1950). MS (DCI/NH3) 
259/276 (M+H)+/ (M+H+NH3)+. 

9215 




Example 1214B 
Difcyclohexvlmethvnphosphinic acid methvl ester 
Using the compound described in Example 1214A, the title compound was prepared 
9220 by the method found in JOC, 59, 7616 (1994)-specifically Method B on p. 7623. MS 
(DCI/NH3) 273/290 (M+H)+/ (M+H+NH3)+. 
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COaMe 



Hxample 1214C 

5225 4-rDi(cvlohexvlmethvlVoxQphosphinvnmethvlV2--(2-met hylphenvl)benzQic acid methyl 

ester 

The title compound was prepared from the compound described in Example 1214B 
and the bromide described in Example 1 178D using the method of Example 121 2D. MS 
(APCI) 481 (M-hH)+ 

9230 




Example 1214D 

4-rDircvlohexvlmethvnroxophosphinvnmethvl V2-f2->methvlDhenvnbenzoic acjd 
The title compound was prepared from the compound described in Example 1214C 
9235 using the method of Example 1 178H. MS (APCI) 467 (M+H)+. 




Example 1214E 

N-r4-fDi(cvlohexvlmethvn(oxQphQsphinvnmethvn-2-(2 -methvlphenvnbenzovnmethiQnine 
9240 methyl ester 
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The above compound was prepared from the compound described in Example 
1214D according to the method of Example 1205D. MS (APCI) 612 (M+H)-^. 



9245 Example 1214F 

A/-r4-fDi('cviohexvlmethvlVoxophosphinvnmethvn-2-(2-met hvlphenvnben/ovnrnethionine 

The above compound was prepared from the compound described in Example 
1214E according to the method of Example 1 178J, except the lithium salt was not made. 'H 
NMR (DMSO-d6) 5 8.04 (d, IH), 7.46 (d, IH), 7.30 (d, IH), 7.20, 7.10 (both m, total 
9250 5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80, 1.60 (both m, total 
18H), 1.20 (m, 6H), 0.95 (m, 4H). MS (ESI) 596 (M-H)". Anal calcd for 
C34H48NO4PS: C, 68.31; H, 8.09; N, 2.34. Found: C, 68.20; H, 8.19; N. 2.36. 




9255 




SMe 




N' "CO2H 
H 



Example 1215 

A^-r4-fDi(cvlohexvlmethvn<'thiaphosphinvnmethv n-2-r2-methvlohenvl)ben7.ovnmethionine 
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COaMe 



9260 Example 121 5 A 

4-rDircvlQhexvlmethvlVthiaphosphinvnmethvlV2-f2-methvlp henvnt^^ acid methyl 

ester 

The compound described in Example 1214C (390 mg, 0.81 mmol) was dissolved in 
CH3CN (15 mL), then Lawesson's reagent (1.57 g, 3.88 mmol) was added. The reaction 
9265 was heated under reflux for 3 h, then stirred at RT overnight. After filtration through celite 
and concentration of the filtrate, purification by chromatography using hex/EtOAc 85/15 
gave 335 mg (83%) of the title compound. MS (APCI) 497 (M+H)+. 




CO2H 



9270 Example 1215B 

4-(Difcvlohexvlmethvl¥thiaphosphinvnmethvlV2-(2-m ethvlphenvnbenzQic acid 

The title compound was prepared from the compound described in Example 12 15 A 

using the method of Example 1 178H. MS (ESI) 483 (M+H)+. 



9275 




SMe 



COaMe 



Example 1215C 



-440- 



wo 98/50030 



PCT/US98/09297 



A/-r4-rDircvlohexvlmethvlVth in phosphinvnmethvlV2-r 2 -methvlphenvl)benzo 

methvl ester 

The above compound was prepared from the compound described in Example 
9280 12 15B according to the method of Example 1205D. MS (APCI) 628 (M+H)+. 




Example 1215D 

A^-r4-rDi(cvlohexvlmethvl¥thiaphosDhinvnmethvlV2 -r2-methvlphenvnbenzovnmethionine 
9285 The above compound was prepared from the compound described in Example 

1215C according to the method of Example 1 178 J, except the lithium salt was not made. 
NMR (DMSO-d6) 5 8.14 (d, IH), 7.46 (d, IH), 7.38 (d, IH), 7.20, 7.14 (both m, total 
5H), 4.21 (m, IH), 3.40 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80, 1.60 (both m, total 
18H), 1.20,1.00 (both m, total lOH). MS (ESI) 612 (M-H)". Anal calcd for 
9290 C34H48NO3PS2: C, 66.53; H, 7.88; N, 2.28. Found: C, 66.26; H, 7.86; N, 2,19, 




Example 1219 

9295 Ar44-fDi(2-cvlohexvlethyl¥oxophosphinvnmethvlV2-(2-methvlphen ynbenzovl1methionine 
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Example 1219A 
Dir 2-cvlohexvlethvnphosphinic acid 
9300 The bromide described in Example 1207 A was converted to the Grignard reagent, 

then used to prepare the title compound by the method of Example 1214A. MS (DCI/NH3) 
287/304 (M+H)+/ (M+H+NH3)+. 




9305 Example 1219B 

Dir2-cvlohexvlethvnphosphinic acid methvl ester 
Using the compound described in Example 1219A, the title compound was prepared 
by the method of Example 1214B. MS (DCyNHs) 301/318 (M+H)+/ (M+H+NH3)+. 




COaMe 



9310 

Example 1219C 

4-(Dif2-cvlohexylethyl¥QxophosphinvnmethvlV2-r2-methv lphenvnbenzQic acid methvl 

ester 

The title compound was prepared from the compound described in Example 1219B 
93 1 5 and the bromide described in Example 1 178D using the method of Example 12 12D. MS 
(APCI) 509 (M+H)+. 
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Hxam ple 1219D 

9320 4-rnir2-cvlohexvlethvlVoxophQSPhinvnmethvlV 2-(2-methvlnhcnvnbenzoic acid 

The title compound was prepared from the compound described in Example 1 2 1 9C 
using the method of Example 1 178H. MS (APCI) 495 (M+H)+. 




9325 Example 1219E 

A^-r4-rDi(2-cvlohexvlethvlVoxQphosphinvnmethvlV2- r2-methvlphenvl)benzovl1methionine 

methyl ester 

The above compound was prepared from the compound described in Example 
1219D according to the method of Example 1205D. MS (APCI) 640 (M+H)+. 

9330 
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Example 1219F 

A^44-rDi(2-cvlohexvlethvlVoxQphosphinvnmethvlV2-(2-m ethvlphenvnbenzovl1^^ 
The above compound was prepared from the compound described in Example 
9335 12 19E according to the method of Example 1 178 J, except the lithium salt was not made. ^ H 
NMR (DMSO-d6) 5 8.07 (d, IH), 7.46 (d, IH), 7.30 (d, IH), 7.20, 7.10 (both m, total 
5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80, 1.60 (both m, total 
16H), 1.32 (m, 4H), 1.15 (m, 8H), 0.83 (m, 4H). MS (ESI) 624 (M-H)-. Anal calcd for 
C36H52NO4PS: C, 69.09; H, 8.37; N, 2.24. Found: C, 68.98; H, 8.33; N, 2.20. 

9340 



9345 




Example 1222 A 
Dibutvlphosphinic acid 
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Using butyimagnesium chloride, the title compound was prepared by the method of 
9350 Example 1214A. MS (DCL^Hs) 179/196 (M+H)+/ (M+H+NH3)+. 




Example 1222B 
Dibutylphosphinic acid methyl ester 
9355 Using the compound described in Example 1222A, the title compound was prepared 

by the method of Example 1214B. MS (DCI/NH3) 193/210 (M+H)+/ (M+H+NH3)+. 




COaMe 



Example 1222C 

9360 4-(DibutylfoxophosphinynmethylV2-f2-mcthylphenvDbenzoic acid methvl ester 

The title compound was prepared from the compound described in Example 1222B 
and the bromide described in Example 1 178D using the method of Example 1212D. MS 
(DCI/NH3) 401/418 (M+H)+/ (M+H+NH3)+. 




CO2H 



9365 

Example 1222D 

4-(Dibuty K oxophosphinynmethylV2-(2-methylphenvnbenzoic acid 
The title compound was prepared from the compound described in Example 1 222C 
using the method of Example 1 178H. MS (DCI/NH3) 387/404 (M+H)+/ (M+H+NH3)+. 
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9370 




Example 1222E 

A^-r4-rDibutvl(oxophQSPhinvnmethvIV2-r2-methvlphenvnbe nzovllmethionine methyl ester 
The above compound was prepared from the compound described in Example 
9375 1222D according to the method of Example 1205D. MS (APCI) 532 (M+H)+. 




Example 1222F 

A^-r4-rDibutvl(QxophosphinvnmethvlV2-(2-methvlphen vnbenzovllmethionine 
9380 The above compound was prepared from the compound described in Example 

1222E according to the method of Example 1 178J, except the lithium salt was not made. 
NMR (DMSO-d6) 5 8.15 (d, IH), 7.46 (d, IH), 7.31 (d, IH), 7.20, 7.10 (both m, total 
5H), 4.21 (m, IH), 3.20 (d, 2H), 2.10 (m, 5H), 1.97 (s, 3H), 1.80 (m, 2H), 1.60 (m, 
4H), 1.40 (m, 8H), 0.85 (t, 6H). MS (ESI) 516 (M-H)". Anal calcd for C28H40NO4PS: 
9385 C, 64.97; H, 7.79; N, 2.71. Found: C, 64.87; H, 7.83; N, 2.72. 
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Fvample 1278 

9390 iV-r4-phenyl-butvlaminosulfonv))-^-phenvlbenzovl1mcthiQnine l ithium salt. 




II 



Example 1278 A 

4-amino-2-(2-methylphenyl)benzoic acid methyl ester (4.5 g, 0.018 mol) in an 
9395 excess of concentrated (38%) hydrochloric acid (25 ml), was diazotized at 0°C with sodium 
nitrite (1.45 g, 0.0216 mol). The solution of diazonium chloride was added with stirring to 
a mixture of sulfur dioxide(40 g), l,2-dichlorobenzene(10 ml), copper(II) chloride( 1.4 g), 
and potassium chloride(1.4 g) in dioxane(20 ml), and heated to 40-50°C. After the 
evolution of nitrogen was complete( about 30 min.), water (200 ml) was added and the 
9400 sulfonyl chloride was extracted with methylene chloride. The organic layer was washed 
quickly with 10% sodium hydroxide (3*50 ml), followed by washing with water. After 
drying over anhydrous magnesium sulfate, the organic solvents were removed under 
reduced pressure. A brown liquid of the title compound(4.8 g, 82%) was obtained. 
NMR: 2.09(3H, s), 3.65(3H, s), 7.0-7. 1(1H, d), 7.2-7.4(3H, m), 7.9-8.0(lH, d), 8.1- 
9405 8.2(2H, m). 13c NMR: 20.0 (CH3), 52.6( OCH3), 125.5, 125.6, 128.4, 129.2, 130.0, 
131.0, 135.0, 135.0, 138.6, 144.2, 146.0, 166.0. (DSimH3)MS: 324 (M+NH4)^ 





II 
O 

Example 1278B 

9410 A mixture of 1278B (0.32 g, 1.0 mmol), 4-phenylbutylamine (0.223 g, 1.5 mmol), 

and 0.2 ml of pyridine in 5 ml of anhydrous methylene chloride was stirred for 12 hours. 
The reaction mixture was washed by 10% HCl, brine, and dried over anhydrous MgS04. 
Flash chromatography of the residue eluting with 4:6EtOAc/Hexane afforded 0.205 g of the 
title compound. NMR(CDCl3) 8.00-8.05 (m, IH); 7.85-7.92 (m, IH); 7.73 (s, IH); 7.00- 
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9415 7.30 (m, 8H); 4.35-4.45 (m, IH); 3.65 (s, 3H); 2.95-3.08 (t, 2H); 2.55-2.62 (t, 2); 2.08 
(s, 3H); 1.4-1.67 (m, 4H). (DSI/NH3)MS: 455 (M+NH4)^. 



F.xample 1278C 

Prepared according to the procedure of exzimple 1258C from 1278B NMR(CDCl3) 
9420 8.00-8.10 (m, IH); 7.88-7.94 (m, IH); 7.73 (s, IH); 7.10-7.40 (m, 8H); 5.93-6.00 (m, 

IH); 4.52-4.60 (m, IH); 4.32-4.40 (m. IH); 3.70 (s, 3H); 2.95-3.08 (t, 2H); 2.55-2.62 (l, 
2); 2.0-2.2 (m, lOH); 1.70-2.00 (m, IH); 1.50-1.70 (m, 4H). (DSI/NH3)MS: 569(M+H)^; 
586 (M+NH4)*. 



9425 




SMe 



COaLi 



9430 



Example 1278 

A^-[4-phenyl-butylaminosulfonylV2-phenylbenzovllmethionine lithium salt. 

Prepared according to the procedure of example 1 178J from 1296C. NMR 
lH(MeOH-d4): 7.8-7.9 (2H, m); 7.7 (IH, s); 7.1-7.3 (13H, m); 4.2-4.3 (IH, m); 2.85 

2.95 (2H, m); 2.5-2.6 (2H, m); 1.6-2.3 (14H, m). ESI(-)/MS: 553(M-Li). 




9435 



Example 1299 

A^-r4-(2-f2-Cyclohexylethyl')-l-hydroxvprop-3-yl)-2-('2-methylphenyl)benzovnmethionine 

Lithium Salt 
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9440 



rgrr-Butyl 4^cvclohexvlbutvrate 



4-Cyclohexylbutyric acid (1.8 g, 10.6 mmol), isobutylene (25 mL) and concentrated 
sulfuric acid (0.3 niL) were combined in CH2CI2 (25 mL) in a pressure bottle. After shaking 
for 8 days, the pressure bottle was placed in a -78 bath and a saturated solution of 
NaHC03 was added and the phases separated. The organic phase was dried (MgS04) and 
9445 concentrated to afford crude ester as a clear oil (2.3 g). NMR (CDCI3, 300 MHz) 6 0.8 1- 
0.94 (m, 2H), 1.14-1.25 (m, 6H), 1.44 (s, 9H) 1.55-1.74 (m, 7H), 2.18 (t, J=7.5 Hz, 
2H); MS (CI/NH3) m/z: (M+H)+ 227. 



4-r2-r2-Cvclohexvlethvnt-butvlpropion-3-vn-2~(2-methvlphe nvnbenzoic acid, methvl ester 
A 1 .6M solution of n-BuLi in hexanes (1.7 mL, 2.7 mmol) was added to a solution 
of diisopropylamine (385 |iL, 2.7 mmol) at ambient temperature. After 10 minutes of 
stirring, the solution was cooled to -78 and the product from Example 1299 A (600 mg, 

9455 2.6 mmol) in THF (2.5 mL) was added to the reaction mixture. After stirring for 15 min, the 
cold bath was removed. After 30 min of stirring, the mixture was recooled to -78 and the 
product from Example 1308E (1.0 g, 2.7 nunol) in THF (2.0 mL) was added to the reaction 
mixture. The mixture was allowed to gradually warm to ambient temperature and stir over 
night. A solution of 2N HCl was added and the mixture extracted with EtOAc (2X). The 

9460 organic phases were combined, dried (MgS04) and concentrated. The residue was 

chromatographed (silica gel; EtOAc/hexanes, 1:40) to afford a clear oil (572 mg, 47%). 
MS (CI/NH3) m/z: (M-hH)+ 465. 




OMe 



9450 



Example 1299B 
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9465 Rxam ple 1299C 

442-r2-CvclohexvlethvlVl-hvdrQxvprop-3-vll-2-f2-methvlp henynbenzoic acid, methyl 

ester 

Trifluoroacetic acid (3 mL) was added to a solution of the product from Example 
1299B (448 mg, 1.0 mmol) in CH2CI2 (3 mL) at ambient temperature. After stirring for 90 
9470 min, solvent was evaporated to dryness. MS (CI/NH3) m/z: (M+H)+ 409. 

A 1 .OM solution of borane THF complex (2. 1 mL, 2. 1 mmol) was added to a 
solution of the crude product described above in THF (3 mL) at ambient temperature. After 
stirring for 6 hours, a 2N solution of HCl was added to the reaction mixture. After 90 min of 
stirring, the mixture was extracted with EtOAc (2X). The organic phases were combined, 
9475 dried (MgS04) and concentrated. The residue was chromatographed (silica gel; 

EtOAc/hexanes, 1:8) to afford a clear oil (256 mg, 68%). MS (CI/NH3) m/z: (M+H)+ 395. 




Example 1299D 

9480 A/^--r4-r2-(2-CyclohexvlethvlVl-hvdroxvprop--3-vn-2-(2-meth vlphenvnbenzovl1methionine 

methyl ester 

The product from Example 1299C (97 mg, 0.25 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
EDCI (55 mg, 0.28 mmol), Hobt (30 mg, 0.22 nmiol), (L)-methionine methyl ester 
9485 hydrochloride (48 mg, 0.24 nfimol) and NMM (40 |XL, 0.36 nmiol) in DMF ( 1 niL) in a 

manner similar to that described in Example 608 D. The crude residue was chromatographed 
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(silica gel; EtOAc/hexanes, 1:2) to afford the title compound as a clear oil (66 mg, 63%). MS 
(CI/NH3) m/z: (M+H)^- 526. 




9490 

Example 1299E 

A^-[4-(2-f2-CyclohexylethylVl-hydroxvprop-3-ylV2>(2-methylpheny 

Lithium Salt 

The product from Example 1299D (60 mg, 0. 1 1 mmol) was allowed to react with 
9495 lithium hydroxide monohydrate (5 mg, 0.12 mmol) in a manner similar to that described in 
Example 608E to afford the title compound. NMR (DMSO-d6, 300 MHz) 5 0.72-0.88 
(m, 2H), 1.03-1.30 (m, 8H), 1.52-1.70 (m, 9H), 1.88-2.03 (m, 6H), 2.15 (m, IH), 2.47 
(m, partially buried under DMSO peak IH), 2.70 (m, IH), 3.32 (d, partially buried under 
water peak 2H), 4.42 (m, IH), 6.90 (d, J=6 Hz, IH), 6.94 (s, IH), 7.10-7.25 (m, 4H), 
9500 7.46 (d, J=8 Hz, IH); MS (APCI(-)) m/z: (M-H)- 510; Anal. Calcd for 

C30H40LiNO4S*2.1 H2O: C, 64.87; H, 8.02; N, 2.52. Found: C, 64.89; H, 7.37; N, 

2.37. 




Example 1300 

A^-[4-(2-(2-CyclQhexylethyn-l-ethylthioprop-3-yn-2-(2-methvlphenynbenzoyl1methionine 

Lithium Salt 
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9510 



9515 



9520 




OMe 



Fxample 13Q0A 

442-a-CvclohexvlethvlVl"methylsulfonvloxyprop-3-vl 1 -2>(2-meth vlphen^ acid, 

methyl ester 

Methanesulfonyl chloride (33 |liL) was added to a solution of the product from 
Example 1299C (149 mg, 0.38 mmol) and triethylamine (60 |lL, 0.42 mmol) in THF ( 1 
mL) at 0 ^C. The reaction mixture was allowed to warm to ambient temperature and stir for 
3 hours. A solution of 2N HCl was added to the mixture which was then extracted with 
EtOAc. The organic phase was separated, dried (MgS04) and concentrated. The residue 
was chromatographed (silica gel; EtOAc/hexanes, 1:8) to afford a clear oil (1 1 1 mg, 62%). 
1h NMR (CDCI3, 300 MHz) 5 0.75-0.90 (m, 2H), 1.07-1.27 (m, 6H), 1.35-1.43 (m, 
2H), 1.60-1.66 (m, 5H), 2.04 (m, IH), 2.05 (s, 3H), 2.66-2.81 (m, 2H), 2.96 (s, 3H), 
3.61 (s, 3H), 4.10 (d, J=5 Hz, 2H), 7.04-7.07 (m, 2H), 7.18-7.29 (m, 4H), 7.92 (d, J=8 
Hz, IH); MS (CimH3) m/z: (M+H)+ 473. 




OMe 



9525 




9530 



Example BOOB 

4-r2-(2-Cvclohexvlethvn-l-ethvlthiQprop-3-vll-2-f2-met hvlphenvnbenzoic acid, methvl 

ester 

Ethanethiol (50 |iL, 0.66 mmol) was added to a 60% dispersion in mineral oil NaH 
(27 mg, 0.68 mmol) slurry in THF (0,7 mL) at ambient temperature. After stinring for 40 
min, the product from Example 1300A (105 mg, 0.22 mmol) in THF (0.7 mL) was added 
to the reaction mixture followed by heating at reflux for 90 min. The mixture was allowed to 
cool to ambient temperature and a solution of 2N HCl was added to the reaction vessel. The 
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mixture was extracted with EtOAc (2X). The organic phases were combined, dried 
9535 (MgS04) and concentrated. The residue was chromatographed (silica gel; EtOAc/hexanes, 
1: 10) to afford a clear oil (83 mg, 86%). MS (CI/NH3) ni/z: 439 (M+H)+. 




9540 Example ISOQC 

A^-r4-r2--f2-CvclohexvlethvlVl-ethvlthioprop-3-vlV2-r2-^meth ylphenvnbenzovl1methionine 

methyl ester 

The product from Example 13008 (78 mg, 0.18 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
9545 EDCI (48 mg, 0.25 mmol), Hobt (27 mg, 0.20 nmiol), (L)-methionine methyl ester 

hydrochloride (43 mg, 0.22 mmol) and NMM (35 |iL, 0.32 mmol) in DMF (1.0 mL) in a 
manner similar to that described in Example 608 D. The crude residue was chromatographed 
(silica gel; EtOAc/hexanes, 1:8) to afford the title compound as a clear oil (46,5 mg, 45%). 




Example 1300D 

Ar-r4-(2-(2-CvclohexvlethvlVl-ethvlthioprop-3-vlV2-(2-methvlphenvn benzovl1methionine 

Lithium Salt 

The product from Example 1300C (46.5 mg, 0.08 nmiol) was allowed to react with 
9555 lithium hydroxide monohydrate (4 mg, 0.08 mmol) in a manner similar to that described in 
Example 608E to afford the title compound. NMR (DMSO-d6, 300 MHz) 6 0.75-0.88 
(m, 2H), 1.08-1.38 (m, lOH), 1.53-2.01 (m, 14H), 2.15 (m, IH), 2.39-2.49 (m, 4H), 
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2.57-2.75 (m, 2H), 3.32 (d, partially buried under water peak 2H), 3.66 (m, IH), 6.86 (d, 
J=6 Hz, IH), 6.95 (m, IH), 7.12-7.26 (m, 4H), 7.47 (d, J=8 Hz, IH); MS (APCI(-)) m/z: 
9560 (M-H)- 554; Anal. Calcd for C32H44LiN03S2*1.75 H2O: C, 64.78; H, 8.07; N, 2.36. 

Found: C, 64.75; H, 7.40; N, 2.20. 



9565 




Li 



Example 1301 

N-r4-f2-(2-cvclohexvlethvnt-butvlpropion-3-ylV2-f2>n[iethvlphenvnbenzovi1niethiQni 

Lithium Salt 




OMe 



9570 Example 1301 A 

A^44~(2-(2-Cyclohexylethynt-butylprQpion-3-ylV2-(2-methylphenvnbenzoyllmethioni 

methyl ester 

The product from Example 1299B (99 mg, 0.21 mmol) was saponified in a similar 
manner as that described in Example 608C. The crude acid was then allowed to react with 
9575 EDCI (56 mg, 0.29 mmol), Hobt (31 mg, 0.23 nmiol), (L)-methionine methyl ester 

hydrochloride (50 mg, 0.25 mmol) and NMM (42 ^iL, 0.38 mmol) in DMF (1.0 mL) in a 

manner similar to that described in Example 608 D. The crude residue was chromatographed 
(silica gel; EtOAc/hexanes) to afford the title compound as a clear oil (62 mg, 49.5%). 
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Example 130 IB 

A^44-(2-(2-Cyclohcxylethynt-butylpropion-3-ylV2-(2-methylp^^^ 

Lithium Salt 

The product from Example 1301 A (61 mg, 0.10 mmol) was allowed to react with 
9585 lithium hydroxide monohydrate (4.5 mg, 0.08 mmol) in a manner similar to that described 
in Example 608E to afford the title compound. NMR (DMSO-d6, 300 MHz) 6 0.75- 
0.90 (m, 2H), 1.05-1.35 (m, 15H), 1.45-2.03 (m, 17H), 2.15 (m, IH), 2.75-2.80 (m, 
2H), 3.65 (m, IH), 6.86-7.00 (m, 2H), 7.07-7.25 (m, 4H), 7.46 (d, J=8 Hz, IH); MS 
(APCI(-)) m/z: (M-H)" 580; Anal. Calcd for C34H46LiNO5S»1.70 H2O: C, 66.04; H, 

9590 8.05; N, 2.26. Found: C, 66.0L; H, 7.54; N, 2.27. 




Example 1302 

9595 N-[4-(4-Cyclohexyl-2-phenylsulfonvlbut-l-ylV2-f2-methylphenyl^benzoyl1methiQnine 



Lithium Salt 

O 




Example 1302 A 

9600 3-Cyclohexylpropyl phenyl sulfone 
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A solution of 2.5M nBuLi in hexanes (1.9 niL, 4.7 mmol) was added to a solution of 
diisopropylamine (660 |iL, 4.7 mmol) in THF (9.0 mL) at ambient temperature. After 10 
min, the mixture was cooled to -78 and methyl phenyl sulfone (700 mg, 4.5 mmol) was 
added to the reaction vessel. The cold bath was removed and after stirring for 30 min, 1- 

9605 bromo-2-cyclohexylethane (1.3 g, 6.7 mmol) was added to the reaction mixture. The mixture 
was allowed to warm to ambient temperature and stir for 18 hours. A solution of 2N HCl 
was added to the reaction mixture followed by extraction with EtOAc (2X). The organic 
phases were combined, dried (MgS04) and concentrated. The residue was chromatographed 
(silica gel; EtOAc/hexanes, 1 :8) to afford a clear oil (620 mg, 52%). NMR (CDCI3, 

9610 MHz) 5 0.75-0.91 (m, 2H), 1,07-1.26 (m, 6H), 1.58-1.76 (m, 7H), 3.06 (t, J=8 Hz, 2H), 
7,55-7.70 (m, 3H), 7,92 (m, 2H); MS (CI/NH3) m/z: (M+NH4)-^ 284. 




Example 1302B 

9615 /^-.r4-f4-Cvclohexyl-2-phenylsulfonylbut-l-ylV2-(2-methvlphenynbenzovl1 methionine 

methyl ester 

The product from Example 1302A (200 mg, 0.75 mmol) was allowed to react with 
diisopropylamine (1 10 jiL, 0.79 mmol), L6M nBuLi in hexanes (495 |a.L, 0.79 mmol) and 
the product from Example 1308E (302 mg, 0.82 mmol) in a manner similar to that described 
9620 under Example 1302A. The crude residue was chromatographed (silica gel; EtOAc/hexanes, 
1:8) to afford a clear oil (179 mg, 47%). ^H NMR (CDCI3, MHz) 6 0.60-0.75 (m, 2H), 
0.90-1.15 (m, 6H), 1.43 (m, IH), 1.50-1.64 (m, 5H), 1.84 (m, IH), 2.02 (s, 3H), 2.78 
(m, IH), 3.22 (m, IH), 3.38 (m, IH), 3.60 (s, 3H), 6.95-7.02 (m, 2H), 7.14-7.29 (m, 
4H), 7.53-7.88 (m, 3H), 7.86-7.93 (m, 3H); MS (CI/NH3) m/z: (M+NH4)+ 522. 

9625 
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Example 1302C 

A^-[4-(4-Cyclohexyl-2-phenvlsulfonylbut-l-ylV2-(2-methylphenyD^ 

methyl ester 

9630 The product from Example 1302B (168 mg, 0.33 mmol) was saponified in a similar 

manner as that described in Example 608C. The crude acid was then allowed to react with 
EDCI (90 mg, 0.46 mmol), Hobt (50 mg, 0.36 mmol), (L)-methionine methyl ester 
hydrochloride (80 mg, 0.39 mmol) and NMM (65 |xL, 0.39 mmol) in DMF (1.3 mL) in a 
manner similar to that described in Example 608 D. The crude residue was chromatographed 

9635 (silica gel; EtOAc/hexanes, 1 :4) to afford the title compound as a clear oil ( 1 17 mg, 56%). 




Example 1302D 

N-[4-(4-Cyclohexyl-2-phenylsulfonylbut~l-ylV2-(2-methylphenyDbenzoyl1methionine 
9640 Lithium Salt 

The product from Example 1302C (107 mg, 0. 17 mmol) was allowed to react with 
lithium hydroxide monohydrate (8 mg, 0.18 mmol) in a manner similar to that described in 
Example 608E to afford the title compound, NMR (DMSO-d6, 300 MHz) 5 0.54-0.70 
(m, 2H), 0.85-1.10 (m, 6H), 1.30-2.04 (m, 16H), 2.14 (m, IH), 2.80 (m, IH), 3.16 (m, 
9645 IH), 3.60-3.73 (m, 2H), 6.85-7.26 (m, 6H), 7.43 (d, J=8 Hz, IH), 7.62-7.68 (m, 2H), 
7.75 (m, IH), 7.93 (d, J=7 Hz, 2H); MS (APCI(-)) m/z: (M-H)" 620; Anal. Calcd for 
C35H42LiNO5S2»3.20 H2O: C, 61.33; H, 7.12; N, 2.04. Found: C, 61.31; H, 6.63; N, 

1.70 
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WHAT IS CLAIMED IS: 

1 . A compound having Formula I 




I 

or a pharmaceutically acceptable salt thereof, wherein 
R| is selected from the group consisting of 

(1) hydrogen, 

(2) alkenyl, 

(3) alkynyl, 

(4) alkoxy, 

(5) haloalkyl, 

(6) halogen, 

(7) loweralkyl, 

(8) thioalkoxy, 

(9) aryl-L2- wherein aryl is selected from the group consisting of 

(a) phenyl, 

(b) naphthyl, 

(c) dihydronaphthyl, 

(d) tetrahydronaphthyl, 

(e) indanyl, and 

(f) indenyl 

wherein (a)-(f) are unsubstituted or substituted with at least one of X, Y, 
or Z wherein X, Y, and Z are independently selected from the 
group consisting of 
alkenyl, 
alkynyl, 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen. 
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haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
5 nitro, 

N-protected amino, and 

-NRR' wherein R and and R' are independently selected 

from the group consisting of 

hydrogen and 

10 loweralkyl, 

oxo (=0), and 

thioalkoxy and 
is absent or is selected from the group consisting of 

-CH2-, 

15 -CH2CH2-J 

-CH(CH3)-, 

-0-, 
-C(0)-, 

-S(0)q wherein q is 0, 1 or 2, and 

20 -N(R)-, and 

(10) heterocycle-L,- wherein L2 is as defined above and the heterocycle is 

unsubstituted or substituted with 1, 2, 3 or 4 substituents 
independently selected from the group consisting of 





(a) 


loweralkyl. 


25 


(b) 


hydroxy. 




(c) 


hydroxyalkyl. 




(d) 


halogen 




(e) 


cyano, 




(f) 


nitro, 


30 


(g) 


0x0 (=0), 




(h) 


-NRR', 




(i) 


N-protected amino. 




(j) 


alkoxy, 




(k) 


thioalkoxy, 


35 


(1) 


haloalkyl, 




(m) 


carboxy, and 
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(n) 



aryl; 




wherein Li i is selected from the group 



consisting of 

(a) a covalent bond, 

(b) -C(W)N(R)- wherein R is defined previously and W is 

selected from the group consisting of O and S, 

(c) -C(0)-, 

(d) -N(R)C(W)-, 

(e) -CH2O-, 

(f) -C(0)0-, and 

(g) -CH2N(R)-, 

R 1 2a is selected from the group consisting of 

(a) hydrogen, 

(b) loweralkyl, and 

(c) -C(0)0Ri3 wherein R13 is selected from the group 



R^2b i^ selected from the group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

with the proviso that Ri2a and R 125 are not both hydrogen. 



(2) -Li i-C(Ri4)(Rv)-C(0)ORi5 wherein Li 1 is defined previously. 



Rv is selected from the group consisting of 

(a) hydrogen and 

(b) loweralkyl, 

Rj5 is selected from the group consisting of 

(a) hydrogen, 

(b) alkanoyloxyalkyl, 

(c) loweralkyl, and 

(b) a carboxy-protecting group, and 



consisting of 
hydrogen and 

a carboxy-protecting group, and 
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Rj4 is selected from the group consisting of 

(a) alkoxyalkyl, 

(b) alkoxyarylalkyl, 

(c) alkoxycarbonylalkyl, 

(d) alky Is ulfiny alky 1 , 

(e) alkylsulfonylalkyl, 

(f) alkynyl, 

(g) aminoalkyl, 

(h) aminocarbonylalkyl, 

(i) aminothiocarbonylaikyl, 

(j) aryl, 

(k) aryialkyl, 

(1) carboxyalkyl, 

(m) cyanoaikyl, 

(n) cycloalkyl, 

(o) cycloalkylalkoxyalkyl, 

(p) cycloalkylalkyl, 

(q) (heterocyclic)alkyl, 

(r) hydroxyalkyl, 

(s) hydroxyarylaikyl, 

(t) loweralkyl, 

(u) sulfhydrylalkyl, 

(v) thioalkoxyalkyl wherein the thioalkoxyalkyl is 

unsubstituted or substituted with 1, 2, 3, or 4 
substituents selected from the group consisting of 
halogen, 

(w) thioalkoxyalkylamino, and 

(x) thiocycloalkyloxyalkyl, 

O 

-c(0)-H^^-^^p 

(CH2)n wherein n is 1-3, 

-C(0)NH-CH(Ri4)-C(0)NHS02Ri6 wherein R14 is defined previously 
and R16 is selected from the group consisting of 
(a) loweralkyl, 
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haloalkyl, 

aryl wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 
cyano, 
nitro, 
oxo (=0), 
-NRR' 

N-protected amino, 
alkoxy, 
thioalkoxy, 
haloalkyl, 
carboxy, and 
aryl, and 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with substituents independently 
selected from the group consisting of 
loweralkyl, 
hydroxy, 
hydroxyalkyl, 
halogen, 
cyano, 
nitro, 
oxo (=0), 
-NRR', 

N-protected amino, 

alkoxy, 

thioalkoxy, 

hfiloalkyl, 

carboxy, and 

aryl; 
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(5) -C(0)NH-CH(Ri4)-tetrazolyl wherein the tetrazole ring is unsubstituted 

or substituted with loweralkyl or haloalkyl, 



(6) -L 1 1 -heterocycle, 

(7) -C(0)NH-CH(Ri4)-C(0)NRi7Rl8 wherein R14 is defined previously 

and Ri7 and R18 are independently selected from the group 
consisting of 

(a) hydrogen, 

(b) loweralkyl, 

(c) arylalkyl, 

(d) hydroxy, and 

(e) dialkylaminoalkyl, 



(8) -C(0)0Ri5, and 

(9) -C(0)NH-CH(Ri4)-heterocycle wherein R14 is as previously defined 

and the heterocycle is unsubstituted or substituted with 
loweralkyl or haloalkyl; 

is absent or is selected from the group consisting of 
( 1 ) -L4-N(R5)-L5- wherein L4 is absent or selected from the group 

consisting of 

(a) C 1 - to-C J Q-alky lene and 

(b) C2-to-C J ^-alkeny iene, 

wherein the alkylene and alkenylene groups are unsubstituted or 
substituted with 1, 2, 3 or 4 substitutents independently 
selected from the group consisting of 
alkenyl, 
alkenyloxy, 
alkenyioxyalkyl, 
alkenyl[S(0)q]alkyl, 
alkoxy, 

alkoxyalkyl wherein the alkoxyaikyl is unsubstituted or 

substituted with 1 or 2 hydroxy 1 substituents, 
with the proviso that no two hydroxyls are attached to the 
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same carbon, 
alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1, 2, or 3 

substituents independently selected from the 

group consisting of 

halogen and 

cycloalkyl, 
alkylsilyloxy, 
alkyl[S(0)q], 
alkyl[S(0)q]alkyl, 

£iryi wherein the aryl is unsubstituted or substituted with 
1, 2, 3, 4, or 5 substituents independently 
selected from the group consisting of 
alkoxy wherein the alkoxy is unsubstituted or 
substituted with substituents selected 
from the group consisting of cycloalkyl, 

aryl. 

arylalkyl, 

aryloxy wherein the aryloxy is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of, 
halogen, 
nitro, and 
-NRR', 

cycloalkyl, 

halogen, 

loweralkyl, 

hydroxyl, 

nitro, 

-NRR\ and 
-SO2NRR', 

arylalkoxy wherein the arylalkoxy is unsubstituted or 
substituted with substituents selected from the 
group consisting of alkoxy, 

arylalkyl, 
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arylaikyl[S(0)q]alkyl, 
aryl[S(0)ql, 

aryl[S(0)q]alkyl wherein the aryl[S(0)q]alkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
alkoxy and 
loweralkyl, 

arylalkoxyalkyl wherein the arylalkoxyalkyl is 

unsubstituted or substituted with substituents 
selected from the group consisting of 
alkoxy, and 
halogen, 

aryloxy, 

aryloxyalkyl wherein the aryloxyalkyl is unsubstituted or 
substituted with substituents selected from the 
group consisting of halogen, 

c'arboxyl, 

-C(0)NRcRd wherein Rc and Rd are independently 
selected from the group consisting of 
hydrogen, 
loweralkyl, and 
alkoxycarbonyl or 

Rc and Rd together with the nitrogen to which 
they are attached form a ring selected 
from the group consisting of 
morpholine, 
piperidine, 
pyrrolidine 
thiomorpholine, 
thiomorpholine sulfone, and 
thiomorpholine sulfoxide, 
wherein the ring formed by Rc and Rd 
together is unsubstituted or 
substituted with 1 or 2 
substituents independently 
selected from the group consisting 
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of alkoxy and alkoxyalkyl, 
cycloalkenyl wherein the cycloalkenyl is unsubstituted or 

substituted with 1 or 2 substituents selected from 

the group consisting of alkenyl, 
cyclolalkoxy, 
cycloalkoxycarbonyl, 
cyclolaikoxyalkyl, 

cyclolalkyl wherein the cycloalkyi is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group consisting 
of aryl, 

loweralkyl, and 

alkanoyl, 
cycloalkylalkoxy, 
cycloalkylalkoxycarbonyl, 
cycloalkylalkoxyalkyl, 
cycloalkylalkyl, 
cycloialkyl[S(0)q]alkyl, 
cycloalkylalkyl[S(0)q]alkyl, 
fluorenyl, 

heterocycle wherein the heterocycle is unsubstituted or 
substituted with 1, 2, 3, or 4 substituents 
independently selected from the group 
consisting of 

alkoxy wherein the alkoxy is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group 
consisting of aryl and cycloalkyi, 

alkoxyalkyl wherein the alkoxyalkyl is 

unsubstituted or substituted with 1 or 2 
substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyi, 

alkoxycarbonyl wherein the alkoxycarbonyl is 
unsubstituted or substituted with 1 or 2 
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substituents independently selected from 
the group consisting of 
aryl and 
cycloalkyl, 

5 aryl wherein the aryl is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 
substituents independently selected from 
the group consisting of 
alkanoyl, 

10 alkoxy, 

carboxaldehyde, 
haloalkyl, 
halogen, 
loweralkyl, 

15 nitro, 

-NRR', and 

thioalkoxy, 
arylalkyl, 
aryloxy, 

20 cycloalkoxyalkyl, 

cycloalkyl, 
cycloalkylalkyl, 
halogen, 
heterocycle, 

25 hydroxyU 

loweralkyl wherein the loweralkyl is 

unsubstituted or substituted with 1 , 2, or 
3 substituents independently selected 
from the group consisting of 

30 heterocycle, 

hydroxyl, 

with the proviso that no two hydroxyls 
are attached to the same carbon, 
and 

35 -NRR^R^' wherein R^^ and R^^' are 

independently selected from the 
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group consisting of 
hydrogen * 
aryi, 

loweralkyi, 
aryl, 

arylalkyi, 
heterocycle, 
(heterocyclic)alkyl, 
cycloalkyi, and 
cycloalkylalkyl, and 

sulfhydryi, 
(heterocyclic)alkoxy, 
(heterocyclic)alkyl, 
(heterocyclic) alky I [S ( 0)q] alky 1 , 
(heterocy clic)oxy , 
(heterocyclic)alkoxyalkyl, 
(heterocyclic)oxyalkyl, 
heterocycle [S (0)q] alky 1, 
hydroxyl, 
hydroxyalkyl, 
imino, 

N-protected amino, 
=N-0-aryl, and 
=N-OH, 

=N-0-heterocycle wherein the heterocycle is 

unsubstituted or substituted with 1, 2, 3, or 4 

substituents independently selected from the 

group consisting of 

loweralkyi, 

hydroxy, 

hydroxyalkyl, 

halogen, 

cyano, 

nitro, 

oxo (=0), 

-NRR' 
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N-protected amino, 
alkoxy, 
thioalkoxy, 
haloalkyl, 
carboxy, and 



aryl, 

=N-0-loweralkyl, 
-NRR3RR3; 

-NHNRcRd. 

-OG wherein G is a hydroxyl protecting group, 
-O-NH-R, 



J wherein J and J' are independently selected 
from the group consisting of 
loweralkyl and 
arylaikyl, 

oxo, 

oxyaniino(alkyl)carbonylalkyl, 

oxyaniino(arylalkyl)carbonylalkyl, 

oxyaminocarbonylalkyl, 

-SO2-A wherein A is selected from the group 

consisting of 

loweralkyl, 

aryl, and 

heterocycle 

wherein the loweralkyl, aryl, and heterocycle are 
unsubstituted or substituted with 1, 2, 3, 
4, or 5 substituents independently 
selected from the group consisting of 
alkoxy, 
halogen, 
haloalkyl, 
loweralkyl, and 
nitro, 

sulfhydryl, 
thioxo, and 



—O-N 
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thioalkoxy, 

is absent or selected from the group consisting of 

(a) C|-to-CjQ-alkylene and 

(b) C2-to-C|5-alkenylene 

wherein (a) and (b) are unsubstituted or substituted as 

defined previously, and 
is selected from the group consisting of 

hydrogen, 

alkanoyl wherein the alkanoyl is unsubstituted or 

substituted with substituents selected from the 
group consisting of aryl, 

alkoxy, 
alkoxyalkyl, 

alkoxycarbonyl wherein the alkoxycarbonyl is 

unsubstituted or substituted with 1 , 2 or 3 
substituents independently selected from the 
group consisting of 
aryl and 
halogen, 

alkylaminocarbonylalkyl wherein the 

alkylaminocarbonylalkyl is unsubstituted or 
substituted with 1 or 2 substituents 
independently selected from the group consisting 
of aryl, 

(anthracenyl)alkyl, 

aryl, 

arylalkoxy, 

arylalkyl wherein the arylalkyl is unsubstituted or 
substituted with 1, 2, 3, 4, or 5 substituents 
independently selected from the group 
consisting of 
alkoxy, 
aryl, 

carboxyl, 

cyano, 

halogen. 
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haloalkoxy, 
haloalkyl, 
nitro, 
oxo, and 

-Lii-C(Ri4)(Rv)-C(0)ORi5, 

(aryl)oyl wherein the (aryl)oyl is unsubstituted or 

substituted with substituents selected from the 
group consisting of halogen, 

aryloxycarbonyl, 

carboxaldehyde, 

-C(0)NRR\ 

cycloalkoxycarbonyl, 

cycloalkylaminocarbonyl, 

cycloalkylaminothiocarbonyl, 

cyanoalkyl, 

cycloMkyl, 

cycloalkylalkyi wherein the cycloalkylalkyl is 

unsubstituted or substituted with 1 or 2 hydroxyl 
substituents, 

with the proviso that no two hydroxy is are attached to the 

same carbon, 
(cyclolalkyl)oyl, 

(9,10-dihydroanthracenyi)alkyl wherein the 

(9,10-dihydroanthracenyl)alkyl is unsubstituted 
or substituted with 1 or 2 oxo substituents, 

haloalkyl, 

heterocycle, 

(heterocyclic)alkyl wherein the (heterocyclic)aikyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents selected from the group consisting of 
loweralkyl, 

(heterocyciic)oyl, 

loweralkyl. wherein the loweralkyl is unsubstituted 

or substituted with substituents selected from the 
group consisting of -NRR', 

-SO2-A, and 
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thioalkoxyalkyl; 



(2) -L4-O-L5-, 



5 (3) -L4-S(0) -L^- wherein L4 and L5 are defined previously and m is 0, 1 , 

or 2, 

(4) -L4-L^-C(W)-N(R5)-L5- wherein L4, W, and L5 are defined previously, 

R6 is selected from the group consisting of 
10 (a) hydrogen, 

(b) loweralkyl, 

(c) aryl, 

(d) arylalkyl, 

(e) heterocycle, 

1 5 (f) (heterocyclic)alky 1, 

(g) cyclolakyi, and 

(h) cycloalkylalkyl, and 

is absent or is selected from the group consisting of 

(a) -0-, 

20 (b) -S-, and 

(c) -NCR^O- wherein R5. is selected from the group 

consisting of 

hydrogen, 

loweralkyl, 

25 aryl, 

arylalkyl, 
heterocycle, 
(heterocyciic)alkyl, 
cyclolakyi, and 

30 cycloalkylalkyl, 

(5) -L4-L6-S(0)^-N(R5)-L5-, 



35 



(6) -L4-L6-N(R5)-S(0)^-L5-. 

(7) -L4-N(R5)-C(W)-L7-L5- wherein L4, R5, W, and and L5 are 
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defined previously and L-7 is absent or is selected from the group 
consisting of -O- and -S-, 

(8) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 



10 



(a) 


aryl, 


(b) 


arylalkyl. 


(c) 


heterocycle, 


(d) 


(heterocyclic)alkyl, 


(e) 


cyclolakyl. 


(f) 


cycloalkylalkyl. 


(g) 


aikylthioalkyl, and 


(h) 


hydroxy. 



15 

(9) C2-to-CjQ-alkenylene wherein the alkenylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
the group consisting of 
(a) aryl, 
20 (b) arylalkyl, 

(c) (aryl)oxyalkyl wherein the (aryl)oxyalkyl is 

unsubstituted or substituted with 1, 2, 3, 4, or 5 
substituents selected from the group consisting 
of halogen, 

25 (d) heterocycle, 

(e) (hererocycle)alkyl, 

(f) hydroxyalkyl, 

(g) cyclolakyl, 

(h) cycloalkylalkyl, 
30 (i) aikylthioalkyl, and 

(j) hydroxy, 

(10) C2-to-Cio-alkynylene wherein the alkynylene group is unsubstituted or 

substituted with 1 or 2 substituents independently selected from 
35 the group consisting of 

(a) aryl. 
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(b) arylalkyl, 

(c) heterocycle, 

(d) (heterocyclic)alkyl, 

(e) cyclolakyl, 

(f) cycloalkylalkyl, 

(g) alkylthioalkyl, and 

(h) hydroxy, 



(11) -L4-heterocycle-L5-, 



(12) a covalent bond, 

(13) ^-^^"^isr ^"^^ wherein B is selected from the group consisting of 

loweralkyl and 
arylalkyl, and 



(14) 



R 



■N-O— ^ 



Z is selected from the group consisting of 

( 1 ) a covalent bond, 

(2) -0-, 

(3) -S(0)q-, and 

(4) -NRz- wherein Rz is selected from the group consisting of 



(a) 


hydrogen 


(b) 


loweralkyl. 


(c) 


aryl. 


(d) 


arylalkyl. 


(e) 


heterocycle. 


(f) 


(heterocyclic)alkyl. 


(g) 


cyclolakyl, and 


(h) 


cycloalkylalkyl; 



R3 is selected from the group consisting of 
(1) hydrogen. 
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(2) aryl, 

(3) fluorenyl, 

(4) heterocycle, 

wherein (2)-(4) are unsubstituted or substituted with 1, 2, 3, 4, or 5 
5 substituents independently selected from the group consisting of 

(a) alkanoyl, 

(b) alkoxy wherein the alkoxy is unsubstituted or substituted with 1 , 

2, 3, 4, or 5 substituents independently selected from the 
group consisting of 
10 halogen, 

aryl, and 
cycloalkyl, 

(c) alkoxyalkyl wherein the alkoxyalkyl is unsubstituted or 

substituted with 1 or 2, 3, 4 or 5 substituents 
15 independently selected from the group consisting of 

aryl and 
cycloalkyl, 

(d) alkoxycarbonyl wherein the alkoxycarbonyl is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
20 independently selected from the group consisting of 

aryl, and 
cycloalkyl, 

(e) alkylsilyloxyalkyl, 

(f) arylalkyl, 

25 (g) aryl wherein the aryl is unsubstituted or substituted with 1, 2, 3, 

4, or 5 substituents independently selected from the 
group consisting of 
alkanoyl, 

alkoxy wherein the alkoxy is unsubstituted or substituted 
30 with 1 or 2 substituents selected from the group 

consisting of cycloalkyl, 
carboxaldehyde, 
haloalkyl, 
halogen, 

35 loweralkyl, 

nitro, 
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-NRR', and 
thioalkoxy, 
arylalkyl, 

aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 

independently selected from the group consisting of, 

halogen, 

nitro, and 

-NRR', 

(aryl)oyl, 

carboxaldehyde, 

carboxy, 

carboxyalkyl, 

-C(0)NRR" wherein R is defined previously and R" is 
selected from the group consisting of 

hydrogen, 

loweralkyl, and 

carboxyalkyl, 

cyano, 

cyanoalkyl, 

cycloalkyl, 

cycloalkylalkyl, 

cycloalkoxyalkyl, 

halogen, 

haloalkyl wherein the haloalkyl is unsubstituted or substituted 
with 1, 2, 3, 4, or 5 hydroxy 1 substituents, 

with the proviso that no two hydroxyls are attached to the same 
carbon, 

heterocycle, 

hydroxyl, 

hydroxyalkyl wherein the hydroxyalkyl is unsubstituted or 

substituted with substitutients selected from the group 

consisting of aryl, 
loweralkyl wherein the loweralkyl is unsubstituted or substituted 

with substituents selected from the group consisting of 

heterocycle. 
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hydroxyl, 

with the proviso that no two hydroxyls are attached to the 

same carbon, 
-NRR3RR3', and 

5 -P(0)(OR)(OR'), 

(z) nitro, 
(aa) -NRR', 
(bb) oxo, 

(cc) -S02NRa'Rb' wherein Ra' and Rb' are independently selected 
10 froni the group consisting of 

hydrogen, 
(aryl)oyi, 
loweralkyl, and 

heterocycle wherein the heterocycle is unsubstituted or 
15 substituted with 1, 2, or 3 substituents 

independently selected from the group consisting 
of loweralkyl, 
(dd) sulfhydryl, and 
(ee) thioalkoxy, 

20 

(5) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted with 

1, 2, 3, 4 or 5 substituents selected from the group consisting of 

(a) alkoxy, 

(b) aryl, 

25 (c) arylalkoxy 

(d) aryloxy wherein the aryloxy is unsubstituted or 

substituted with 1, 2, 3, 4, or 5 substituents 
selected from the group consisting of halogen, 

(e) loweralkyl, 
30 (f) halogen, 

(g) NRR3RR3', 

(h) oxo, and 
O 



(i) 



35 (6) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted 
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with 1 , 2, 3 or 4 substituents independently selected from the 
group consisting of 



(a) 


loweralkyl, 


(b) 


alkoxy, 


(c) 


halogen, 


(d) 


aryl. 


(e) 


aryloxy, 


(f) 


alkanoyl, and 


(g) 


NRR3RR3', 



(7) ' rl wherein Xi and X2 together are cycloalkyl wherein the 

cycloalkyl is unsubstituted or substituted with 1 or 2 substituents 
selected from the group consisting of aryl, and 

(8) -P(W)RR3rR3*; and 

R4 is selected from the group consisting of 



(1) 


hydrogen. 


(2) 


loweralkyl. 


(3) 


haloalkyl 


(4) 


halogen, 


(5) 


aryl. 


(6) 


arylalkyl. 


(7) 


heterocycle. 


(8) 


(heterocyclic)alkyl 


(9) 


alkoxy, and 


(10) 


-NRR '; or 



Li, Z, and R3 together are selected from the group consisting of 
( 1 ) aminoalky 1, 

(1) haloalkyl, 

(2) halogen, 

(3) carboxaldehyde, and 

(4) (carboxaldehyde)alkyl, and 
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(5) hydroxyalkyl, 

with the proviso that when Li, Z, and R3 together are (l)-(5), Ri is other 
than hydrogen. 

2 . A compound according to claim 1 wherein 
Lj is selected from the group consisting of 

(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^-L5-, 

(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Ci^-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-CjQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 




, and 



3 . A compound according to claim 1 of formula 




wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl. 
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(3) fluorenyl, 

(4) heterocycle 

wherein (2)-(4) are unsubstituted or substituted as defined previously, 

(5) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(6) cycloalkenyl wherein the cycloalkenyi is unsubstituted or substituted as 

defined previously, 

(7) ^'"^H ^ and 

(8) -P(W)RR3rR3'; and 

L| is selected from the group consisting of 

(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S,(0)^-L5-, 

(3) Ci-Cio-alkyiene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Ci5-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-C|Q-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 



(6) a covalent bond, 




, and 



4 . A compound according to claim 1 of formula 
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wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

(3) fluorenyi, 

wherein (2) and (3) are unsubstituted or substituted as defined previously, 

(4) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(5) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 

defined previously, 

(6) ^ ^ , and 

(7) -P(W)RR3rR3'; and 

Lj is selected from the group consisting of 

(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^-L5-, 

(3) Ci-CiQ-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Cj^-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-CiQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond. 
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5 . A compound according to claim 3 selected from the group consisting of 
[4-((2S,5S)- 1 ,4-diazabicyclo(2,2, 1 )octan- l-yl)-2-phenylbenzoyl]methionine, 
hydrochloride , 

[4-(4-methylpiperazinylmethyl)-2-phenylbenzoyl]methionine, 
(4-piperazinylmethyl-2-phenylbenzoyl)methionine, and 
[4-(3-hydroxypyrrolidinyl)-2'phenylbenzoyl]methionine. 

6 . A compound according to claim 1 of formula 




wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

(3) fluorenyl, 

(4) heterocycle 

wherein (2)-(4) are unsubstituted or substituted as defined previously, 

(5) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(6) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 

defined previously; 

is selected from the group consisting of 

(1) .L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^-L5-, 
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(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-Cj^-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-CiQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond. 




, and 



Z is a covalent bond; and 

X is selected from the group consisting of 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen, 
haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
nitro, 

N-protected amino, 
-NRR, 

oxo (=0), and 
thioalkoxy. 
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A compound according to claim 1 of formula 




wherein 



R3 is selected from the group consisting of 

(1) hydrogen, 

(2) aryl, 

(3) fluorenyl, 

wherein (2) and (3) are unsubstituted or substituted as defined previously, 

(4) cycloalkyl wherein the cycloalkyl is unsubstituted or substituted as 

defined previously, and 

(5) cycloalkenyl wherein the cycloalkenyl is unsubstituted or substituted as 
defined previously; 

is selected from the group consisting of 

(1) -L4-L6-S(0)^-N(R5)-L5-, 

(2) -L4-L6-N(R5)-S(0)^-L5-, 

(3) Ci-Cio-alkylene wherein the alkylene group is unsubstituted or 

substituted as defined previously, 

(4) C2-to-C j^-alkenylene wherein the alkenylene group is unsubstituted or 

substituted as defined previously, 

(5) C2-to-CiQ-alkynylene wherein the alkynylene group is unsubstituted or 

substituted as defined previously, 

(6) a covalent bond, 

(7) ^^^N-^^ ,and 
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Z is a covalent bond; and 

X is selected from the group consisting of 
alkoxy, 
aryl, 
carboxy, 
cyano, 
halogen, 
haloalkyl, 
hydroxy, 
hydroxyalkyl, 
loweralkyl, 
nitro, 

N-protected amino, 
-NRR, 

oxo (=0), and 
thioalkoxy. 

8 . A compound according to claim 5 wherein X is selected from the group 
consisting of loweralkyl. 

9 . A compound according to claim 7 selected from the group consisting of 
[4-(5-cyclohexylmethyloxazohd-2-on-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 

methionine, 

N-[4-(2-(2-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl] -methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt. 
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N-[4-(2-(2-phenoxyphenyl)ethyl)-2K2-methylphenyl)benzoyl]-2>amino-4-- 
methylsulfinylbutanoic acid, lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine , 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4'(2-(4-cyclohexylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2'methylphenyl)benzoyl]methionine , 
lithium salt, 

N-[4'(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-fluoren-4-ylethyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-2-ylethenyl)-2-(2-methylphenyl)benzoyi]methionine, 
N-[4-(2-naphth- 1 -ylethenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth- 1 -ylethyl)-2-(2-methylpheny l)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth- 1 -ylethyl)-2-(2"methy Ipheny l)benzoyl]methionine, lithium 
salt, 

N-[4-(3-phenylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(3-naphth-2-ylpropyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 

salt, 

N-[4-(3-cyclohexylprop-l-enyl)-2-(2-methy Ipheny l)benzoyl]methionine, 
lithium salt, 

N-.[4_(4.phenylbut-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(4-naphth-2-ylbut-4-on-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-(4-naphth-2-ylbut-4-ol-l-enyl)-2-(2-methylphenyl)benzoyllmethionine, 
N-[4-(4-cyclohexylbut-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt. 
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N_.[4-(4-cyclohexylbutyl)-2-(2-rnethylphenyl)benzoyl]methionine sodium 
salt, 

N44-(5-phenylpent-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N44K2-pyrimidin-5--ylethynyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-(2-pyrimidin-5-ylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-pyrazin-2-ylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(3-naphth-2"ylprop"l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2,3-diphenylpropan-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(N-benzyl-N-phenylaminosulfonyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(N-2-cyclohexylethylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(l-benzylylpiperidin-4-ylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-N-(2-piperidin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-N-(2-morpholin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(2-(3,4-dimethoxyphenyl)ethylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-(3-(2-methylpiperidin-l-'yl)propylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-iodo-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-N(t-butylcarbazatocarbonylmethyl)amino-2-phenylbenzoyl]methionine, 
N-[4-(2"(thiazol-5-yl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-(2-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(3-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt. 
N.[4.(4-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(4-phenylcyclohexylidenyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt. 
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N-[4-syn-(4-phenylcyclohexylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-phenylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2*methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yl)ethen-l-yl)-2-(2-methylphenyl)-- 
benzoyl] methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-benzyloxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoy 1] me thionine , 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(2-nitrophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoy 1 ] methionine , 

N-[4-(2-(4-(2-aminophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-'[4-(2-(4-(3-nitrophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl] methionine, 

N-[4-(4-t-butoxycarbonylpiperazin-l-ylmethyl)-2-(2-methylphenyl)- 
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benzoyl]methionine, 

N-[4-(4-phenylpiperazin- 1 -ylmethy l)-2-(2-inethylpheny l)benzoy 1]- 
methionine, 

N44-N-( 1 3-diphenylpropan-2-yl)irninooxymethyl-2-(2-methylphe 
benzoyl]-methionine, lithium salt, 

N-[4-(N-hept-4-ylarninooxymethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(3-benzyloxypyrrolidin-l-yimethyl)"2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(3-benzyloxypiperidin-l-ylniethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4K3-cyclohexylmethoxypiperidin-l-ylinethyl)-2-(2-methylphenyl)- 
benzoyl]methionine , 

N-[4-(2-phenoxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(2-cyciohexylmethoxymethylpyrrolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine , 

N-[4-(2-benzyloxymethylpyrrolidin-l-ylmethyi)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-(4-(4-chiorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-(4-benzylpiperazin-l -ylmethy l)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(4-benzylpiperidin~l -ylmethy l)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(4-(4-chlorophenyl)-4-hydroxypiperidin-l -ylmethy l)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(4-cyclohexylpiperazin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

(2S) 2-[4-(4-phenyl- 1 ,3-dioxolan-2-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-( 1 -benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(l-cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
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methionine, 

N-[4-(2cyclohexylmethyltetrazol-5-ylniethyl)-2-(2-niethylphenyl)benzoyl]- 
methionine, 

N-[4-(3(S)-cyclohexylmethoxymethylmorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(3(R)-cyclohexylmethoxymethylthiomorpholin-4-ylmethyl)-2-(2- 
methylphenyI)benzoyl]methionine, 

N-[4-(2(S)-cyclohexylmethoxymethylazetidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-(3,5-difluorophenoxy)methylpyrrolidin-l-ylmethyl)-2-(2- 
methy ipheny l)benzoy 1] methionine, 

N-[4-(2(S)-cyclohexyloxymethylpyrroiidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexylmethyloxymethyl-4,4-difluoropyrrolidin-l-ylmethyl)- 
2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(2-methoxymethyl-5-benzylpyiTolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-cyclohexy imethoxymethy Ipy rrolidin- 1 -ylmethyl)-2-(2« 
methy Ipheny l)benzoyi] methionine, 

N-[4-(2-benzyloxymethyl-4-methoxypyrroUdin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzyloxymethyl-4-methoxypyrrolidin- 1 -ylmethyl)-2-(2- 
methy Ipheny l)benzoyl] methionine, 

N"[4-(2-cyclohexyloxymethyl-5-propylpyrrolidin-l-ylmethyl)-2-(2- 
methy Ipheny l)benzoyl] methionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyrTolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexyimethoxymethyl-4(R)-methoxypyrrohdin-l-ylmethyl)- 
-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(3-cyclohexylmethoxy-2-methoxymethylpyn:olidin-l-ylmethyl)-2-(2- 
methyiphenyl)benzoyl]methionine, 

N-[4"(2-piperidin- 1 -y ImethylpyrroUdin- 1 -ylmethyl)-2-(2-methy Ipheny 1)- 
benzoyl]methionine, 

N- [4-(2-morphoIin-4-y ImethylpyrroUdin- 1 -ylmethyl)-2-(2-methy Ipheny 1)- 
benzoyl]methionine, 

N- [4-(2-(N-cyclohexyl-N-methylamino)methy Ipy rrolidin- 1 -y Imethy l)-2-(2- 
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methylpheny l)benzoy 1] methionine, 

N-[4-(3--cyclohexyloxymethylisoxazolidin-2-ylmethyl)-2-(2-methylphenyl)- 

benzoyljmethionine, 
195 N-[4-(2-t-butoxycarbonyl-3-(3,5-difluorophenyl)propyl)-2-(2- 

methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(N-cyclohexylmethylaminosulfonylmethyl)-2-(2-methylphenyl)- 

benzoyl]methionine, lithium salt, 

N-{4-[E-2-hydroxymethyl-3-(thiazol-5-yl)prop-2-enyl]~2-(2- 

200 methylpheny l)benzoyl } methionine, lithium salt, 

N-{4-[E-2-(3,5-diflourophenoxy)methyl-3-(thiazol-'5-yl)- 
prop-2-enyl]-2-(2-methy lphenyl)benzoy 1 } methionine, lithium salt, 
N_[4_N-benzyloxy-N-butylaminomethyl-2-(2-methylphenyl)benzoyl]- 

methionine, lithium salt, 
205 N-[4-N-butyl-N-(3,5-difluorobenzyl)aminooxymethyl-2-(2- 

methylphenyl)benzoyl]methionine, lithium salt, 

N-[4-N-butyl-N-(cyclohexylmethyloxy)aminomethyl-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-N~butyl-N-(cyclohexylmethyl)aminooxymethyl-2-(2-methylphenyl)- 

2 1 0 benzoyl] methionine, lithium salt, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 

methionine, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]7 
methionine, 

2 1 5 N-[4-((cylohexylmethyl)methyl(oxophosphinyl)methyl)-2-(2- 

methy Ipheny l)benzoy 1] methionine, 

N.[4-((cylohexylmethyl)methyl (oxophosphinyl)methyl)-2-(2-methyl- 
phenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)butyl(oxophosphinyl)methyl)-2-(2- 

220 methylphenyl)benzoyl]methionine, 

N-[4-(di(cylohexylmethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 

benzoyl]methiomne, 

N-[4-(di(cylohexylmethyl)(thiaphosphinyl)methyl)-2-(2-methylphenyl)- 
benzoy 1 ] methionine, 

225 N-[4-(di(2-cylohexylethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 

benzoyl]methionine, 

N-[4-(dibutyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 
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methionine, 

N-[4-phenyl-butylaminosulfonyl)-2-phenylbenzoyl]methionine, lithium 
salt., 

N-[4-(2-(2-cyclohexylethyl)-l-hydroxyprop-3-yl)-2-(2-methylphenyl)- 
benzoyl] methionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)-l-ethylthioprop-3-yl)-2-(2-methylphenyl)- 
benzoyl]methionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)t-butylpropion-3-yl)-2-(2-methylphenyl)- 
benzoyl] methionine , lithium salt, and 

N.[4.(4-cyclohexyl-2-phenylsulfonylbut-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt. 

A compound selected from the group consisting of 

[4-((2S,5S)- 1 ,4-diazabicyclo(2,2, 1 )octan- l-yl)-2-phenylbenzoyl]methionine, 
hydrochloride , 

[4-(4-methylpiperazinylmethyl)-2-phenylbenzoyl]methionine, 

(4-piperazinylmethyl-2-phenylbenzoyl)methionine, 

[4-(3-hydroxypyrrolidinyl)-2-phenylbenzoyl]methionine, 

[4-(5-cyclohexylmethyloxazohd-2-on-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(2-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]-methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfinylbutanoic acid, lithium salt, 

N_[4_(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(2-benzylphenyl)ethenyl)-2-'(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine , 
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lithium salt, 

N-[4"(2-(3-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-aimno-4- 
methylsulfinylbutanoic acid, lithium salt, 

N-[4-(2-(4-cyclohexylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine , 
lithium salt, 

N-[4-(2-(4-phenoxyphenyl)ethyl)-2-(2-methylphenyl)benzoyl]-2-amino-4- 
methylsulfmylbutanoic acid, lithium salt, 

N-[4-(2-fluoren-4-ylethyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth-2-ylethenyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-naphth-l-ylethenyl)-2-(2~methylphenyl)benzoyl]methionine, lithium 
salt, 

N_[4.(2-naphth-l-ylethyl)-2-(2~methylphenyl)benzoyl]methionine, lithium 
salt, 

N-[4-(2-naphth- 1 -y lethy l)-2-(2-methy lphenyl)benzoy IJmethionine, lithium 
salt, 

N-[4-(3-phenylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(3-naphth-2-ylpropyl)-2-(2-methylphenyl)benzoyl]methionine, lithium 

salt, 

N.[4-(3-cyclohexylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N.[4_(4.phenylbut-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(4-naphth-2-ylbut-4-on-l-yl)-2-(2-methylphenyl)benzoyl]methiotiine, 

lithium salt, 

N-[4-(4-naphth-2-ylbut-4-oM-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4.(4.cyciohexylbut-l-enyl)-2-(2-methyiphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(4-cyclohexylbutyl)-2-(2-methylphenyl)benzoyl]methionine sodium 
salt, 

N-[4-(5-phenyipent'l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-pyrimidin-5-ylethynyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4.(2-pyrimidin-5-ylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt. 
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N-[4-(2-pyrazin-2-ylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(3-naphth-2-ylprop-l-enyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 

N44-(2,3-diphenylpropan-l-yl)-2-(2"methylphenyl)benzoyl]methionine, 
lithium salt, 

N-[4-(N-benzyl-N-phenylaminosulfonyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(N-2-cyclohexylethylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(l-benzylylpiperidin-4-ylaminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-.N-(2'-piperidin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4_N-(2-morpholin-lylethyl)aminosulfonyl)-2-phenylbenzoyl]methionine, 
lithium salt, 

N-[4-(2-(3,4-dimethoxyphenyl)ethylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

]S[-[4.(3.(2-methylpiperidin-l-yl)propylaminosulfonyl)-2-phenylbenzoyl]- 
methionine, lithium salt, 

N-[4-iodo-2-(2-methylphenyl)benzoyl]methionine, 

N~[4-N(t-butylcarbazatocarbonylmethyl)amino-2-phenylbenzoyl]methionine, 
N-[4'(2-(thiazol-5-yl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N- [4-(2-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N- [4-(3-phenylphenyl)-2-(2-methylpheny l)benzoyl]methionine, lithium salt, 
N-[4-(4-phenylphenyl)-2-(2-methylphenyl)benzoyl]methionine, lithium salt, 
N.[4-(4.phenylcyclohexylidenyl)-2-(2-methylphenyl)benzoyl]methionine, 

lithium salt, 

N-[4-syn-(4-phenylcyclohexylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-phenylethen-l-yl)-2-(2-methylphenyl)benzoyl]methionine, 
N-[4-(2-(3-phenylphenyl)ethen- 1 -yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-.[4-(2-(3-phenylphenyl)ethyl)-2-(2-methylphenyl)benzoyl]methionine, 
lithium salt, 
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N-[4-(2-(3-phenylphenyl)ethen-l-yl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(3-phenoxypyridazin-6-yl)ethen-l-yl)-2-(2-methyiphenyl)- 
benzoyl]methionine, iittiium salt, 

N44-(2-(3-phenoxypyridazin-6-yl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-(2-(2-phenoxypyridazin-5-yl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, lithium salt, 

N-[4-(2-benzyloxymethylpyrroUdin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(2-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(2-nitrophenbxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl]methionine, 

N-[4-(2-(4-(2-aminophenoxy)phenyl)ethyi)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N- [4-(2-(4-(3 -chlorophenoxy )pheny l)ethen- 1 -y l)-2-(2-methy Ipheny 1)- 
benzoyl] methionine, 

N-[4-(2-(4-(3-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(2-(4-(3-nitrophenoxy )phenyl)ethen- 1 -y l)-2-(2-methy Iphenyl)- 
benzoyl]methionine, 

N-[4-(4-t-butoxycarbonylpiperazin- 1 -ylmethyl)-2-(2-methylpheny 1)- 
benzoyl]methiomne, 

N-[4-(4-phenylpiperazin- 1 -ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N.[4-N-(l,3-diphenylpropan-2-yl)iminooxymethyl-2-(2-methylphenyl) 
benzoyl] -methionine, lithium salt, 

N-[4-(N-hept-4-ylaniinooxymethyl)-2-(2-methylphenyl)benzoyl]- 
methionine. 
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N-[4-(3-benzyloxypyrrolidin- 1 -ylmethyl)-2-(2-methylphenyl)benzoy 1]- 
methionine , 

N-[4K3-benzyloxypiperidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]-- 
methionine , 

N-[4-(3-cyclohexylmethoxypiperidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl] methionine , 

N-[4-(2-phenoxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine , 

N-[4-(2-cyclohexylmethoxymethylpyrrolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine , 

N-[4-(2-benzyloxymethylpyrrolidin-l-ylmethyl)-2-(2-methylphenyl)- 
benzoyl]methionine , 

N-[4-(2-(4-(4-chlorophenoxy)phenyl)ethen-l-yl)-2-(2-methylphenyl)- 
benzoyl] methionine, lithium salt, 

N-[4-(4-benzylpiperazin-l-ylmethyl)'2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(4-benzylpiperidin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N- [4-(4-(4-chloropheny l)-4-hy droxy piperidin- 1 -y Imethy l)-2-(2- 
methy ipheny l)benzoy 1] methionine, 

N-[4-(4-cyclohexylpiperazin-l-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

(2S) 2-[4-(4-phenyl- 1 ,3-dioxolan-2-yl)-2-(2-methy Ipheny l)benzoyl]- 
methionine, lithium salt, 

N-[4-( 1 -.benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-( 1 -cyclohexy lmethyltetrazol-5-ylmethyl)-2-(2-methy Ipheny l)benzoyl]- 
methionine, 

N-[4-(2-benzyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N44-(2cyclohexylmethyltetrazol-5-ylmethyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(3(S)-cyclohexylmethoxymethylmorpholin-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(3(R)-cyclohexylmethoxymethylthiomorphoUn-4-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 
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N-[4-(2(S)-cyclohexylmethaxymethy lazetidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N44-(2(S)-(3,5-difluorophenoxy)methylpyiTolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2(S)-cyclohexyloxyinethylpyiTolidin" 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N44-(2(S)-cyclohexylmethyloxymethyl-4,4-difluoropyrTolidin-l-ylmethyl)- 
2-(2-methylphenyl)benzoyl]methionine, 

N44K2-methoxymethyl-5-benzylpyrrolidin-l-ylmethyl)-2-(2-methylphe^^ 
benzoyl]methionine, 

N-[4-(2-cyclohexylmethoxy methylpyrrolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzy loxymethy l-4'-methoxypy rroiidin- 1 --ylmethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-benzyloxymethyl-4-methoxypyrrolidin- 1 -ylmethyl)-2-(2- 
methylphenyl)benzoyl] methionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyrrolidin-l-ylmethyl)-2-(2- 
methylphenyl)benzoyi]methionine, 

N-[4-(2-cyclohexyloxymethyl-5-propylpyrroiidin-l-yimethyl)-2-(2- 
methylphenyl)benzoyi]methionine, 

N-[4-(2(S)-cyclohexylniethoxyniethyl-4(R)-niethoxypyrrolidin-l-ylniethyl)- 
-2-(2-methylphenyl)benzoyl]methionine, 

N-[4-(3-cyclohexylmethoxy-2-niethoxyniethylpyrroiidin-l-ylniethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(2-piperidin- 1 -ylmethylpyrrolidin- 1 -ylmethy l)-2-(2-methy Ipheny 1)- 
benzoyl]methionine, 

N-[4K2-morpholin-4-ylniethylpyrrolidin-l-ylniethyi)-2-(2-niethylphenyl) 
benzoyl]methionine, 

N-[4-(2-(N-cyclohexyi-N-methylaniino)niethylpyrroiidin-l-yimethyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(3-cyclohexyioxymethylisoxazolidin-2-ylmethyl)-2-(2-methylphenyi)- 
benzoyl]methionine, 

N-[4-(2-t-butoxycarbonyl-3-(3,5-difluorophenyl)propyl)-2-(2- 

methylphenyl)benzoyl]methionine, lithium salt, 
N-[4-(N-cyclohexylmethylaminosulfonylmethyl)-2-(2-methylphenyl)- 

benzoyl]methionine, lithium salt. 
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N- { 4-[E-2-hydroxymethyl-3-(thiazol-5-yl)prop-2-enyl]-2-(2- 
methylphenyl)benzoyl} methionine, lithium salt, 
N-{4-[E-2-(3,5-diflourophenoxy)methyl-3-(thiazol-5-.yl)- 
prop-2-eny l]-2-(2-methylphenyl)benzoy 1 } methionine, lithium salt, 
N-[4-N-benzyloxy-N-butylaminomethyl-2-(2-methylphenyl)benzoyl]- 

methionine, lithium salt, 

N-[4-N-butyl-N-(3,5-difluorobenzyl)aminooxymethyl-2-(2- 
methylphenyl)benzoyl] methionine, lithium salt, 

N-[4-N-butyl-N-(cyclohexylmethyloxy)aminomethyl-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N.[4-N-butyl-N-(cyclohexylmethyl)aminooxymethyl-2-(2-methylphenyl)- 
benzoyl]methionine, lithium salt, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2~(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-(benzylphenyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-((cylohexylmethyl)methyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)methyl (oxophosphinyl)methyl)-2-(2-methyl- 
phenyl)benzoyl]methionine, 

N-[4-((cylohexylmethyl)butyl(oxophosphinyl)methyl)-2-(2- 
methylphenyl)benzoyl]methionine, 

N-[4-(di(cylohexylmethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoy 1] methionine , 

N-[4-.(di(cylohexylmethyl)(thiaphosphinyl)methyl)-2-(2-methylphenyl)- 
benzoy 1] methionine, 

N-[4-(di(2-cylohexylethyl)(oxophosphinyl)methyl)-2-(2-methylphenyl)- 
benzoy 1] methionine, 

N-[4-(dibutyl(oxophosphinyl)methyl)-2-(2-methylphenyl)benzoyl]- 
methionine, 

N-[4-phenyl-butylaminosulfonyl)-2-phenylbenzoyl]methionine, Uthium 
salt., 

N-[4-'(2-(2-cyclohexylethyl)-l-hydroxyprop-3-yl)-2-(2-methylphenyl)- 
benzoyl] methionine , lithium salt, 

N-[4-(2-(2-cyclohexylethyl)-l-ethylthioprop-3-yl)-2-(2-methylphenyl)- 
benzoyl]methionine , lithium salt, 
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N-[4-(2-(2-cyclohexylethyl)t-butylpropion-3-yl)-2-(2-methylphenyI)'- 
benzoyl]methionine , lithium salt, and 

N-[4-(4-cyclohexyl-2-phenylsulfonylbut- 1 -y l)-2>(2-methy Ipheny 1)- 
benzoyl]methionine, lithium salt. 

11. A method of inhibiting protein isoprenyl transferases in a mammal in need of 
such treatment comprising administering to the mammal a therapeutically 
effective amount of a compound of claim 1 . 

12. A composition for inhibiting protein isoprenyl transferases comprising a 
phEirmaceutical carrier and a therapeutically effective amount of a compound of 
claim 1. 

13. A method for inhibiting or treating cancer in a mammal, comprising 
administering to the mammal a therapeutically effective amount of a compound 
of claim 1 alone or in combination with another chemotherapeutic agent. 

14. A composition for the treatment of cancer comprising a compound of claim 1 in 
combination with another chemotherapeutic agent and a pharmaceutically 
acceptable carrier. 

15. A method for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both in a mammal comprising administering to the mammal a therapeutically 
effective amount of a compound of claim 1 . 

16. A composition for inhibiting post-translational modification of the oncogenic 
Ras protein by protein farnesyltransferase, protein geranylgeranyltransferase, or 
both comprising a compound of claim 1 in combination with a pharmaceutical 
carrier. 

17. A method for treating or preventing intimal hyperplasia associated with 
restenosis and atherosclerosis in a mammal comprising administering to the 
manmial a therapeutically effective amount of a compound of claim 1 . 

18. A composition for treating or preventing restenosis in a manmial comprising a 
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compound of claim 1 in combination with a pharmaceutically acceptable carrier. 

15. A method of inhibiting protein isoprenyl transferases in a mammal in need of , 
such treatment comprising administering to the mammal a therapeutically , 
effective amount of a compound of claim 1 . 

16. A composition for inhibiting protein isoprenyl transferases comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of 
claim 1. 

17. A method for inhibiting or treating cancer in a mammal, comprising 
administering to the mammal a therapeutically effective amount of a compound 
of claim 1 alone or in combination with cinother chemotherapeutic agent. 

18. A composition for the treatment of cancer comprising a compound of claim 1 in 
combination with another chemotherapeutic agent and a pharmaceutically 
acceptable carrier. 

19. A method for inhibiting post-translational modification of the oncogenic Ras 
protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both in a mammal comprising administering to the manmial a therapeutically 
effective amount of a compound of claim 1 . 

20. A composition for inhibiting post-translational modification of the oncogenic 
Ras protein by protein famesyltransferase, protein geranylgeranyltransferase, or 
both comprising a compound of claim 1 in combination with a pharmaceutical 
carrier. 

21. A method for treating or preventing intimal hyperplasia associated with 
restenosis and atherosclerosis in a mammal comprising administering to the 
mammal a therapeutically effective amount of a compound of claim 1 . 

22. A composition for treating or preventing restenosis in a mammal comprising a 
compound of claim 1 in combination with a pharmaceutically acceptable carrier. 
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